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LIST OF SYMBOLS AND ABBREVIATIONS: 
VOo = oxygen uptake per time unit 
V0 ?max = maximum oxygen uptake per time unit, maximum aerobic power 
E = energy expenditure 
E = energy expenditure per time unit 
ν = speed 




hr = heart rate 
hr = maximum heart rate 
max 
W = power 
R = resistance 
R = air resistance 
a 
R = rolling resistance 
r
 3 
rpm = revolutions per minute 
л = terrain coefficient 
SD = standard deviation 
I HD = ischemic heart disease 
RPE = rating of perceived exertion 
FA = frontal area 
BW = body weight (body mass is meant) 
FFM = fatfree mass 
RSBP = resting systolic blood pressure 
RDBP = resting diastolic blood pressure 
RHR = resting heart rate 
ESBP = exercise systolic blood pressure 
EDBP = exercise diastolic blood pressure 
EHR = exercise heart rate 
Tm-Tn = period between Tm and Tn 
ΔΤη-Tm = change between Tm and Tn 
CONVERSION FACTORS: 
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1. GENERAL INTRODUCTION AND AIM OF THE STUDY 
1.1 INTRODUCTION 
1.1.1 Reasons for physical activity 
1.1.1.1 Recreation 
1.1.1.2 Competition 
1.1.1.3 Physical fitness 
1.1.1.4 Prevention 
1.1.1.5 Control of body v/eight 
1.1.1.6 Rehabilitation 
1.1.2 Quantification of exercise 
1.1.2.1 Effect on the cardiorespiratory system 
1.1.2.2 Energy expenditure 
1.2 AIM OF THE STUDY 
1.1 INTRODUCTION 
The increased mechanization of modern society has caused a considerable de-
crease in the amount and intensity of physical activity during the daily 
work, in men as well as in women. Consequently, physical activity has become 
nore and more limited to leisure time activities. Since the urge to be phys-
ically active, which seems to be present in children, vanishes in adulthood 
(Israel, 1978a), a conscious choice has to be made whether one wants to de-
dicate part of the leisure time to physical activity or not. Many adults 
nowadays do choose to participate in leisure time physical activities, 
though their motivation may vary widely. A number of reasons why people 
choose to be physically active during their leisure time and the type of 
exercise required to reach their specific aim will be discussed. No attempt 
is made to cover all possible reasons or combinations of reasons. The fac-
tors physical fitness (1.1.1.3), prevention (1.1.1.4) and control of body 
weight (1.1.1.5) will be discussed in some detail, because this study main-
ly concerns these aspects. 
1.1.1 Reasons for physical activity 
1.1.1.1 Recreation 
An important aspect of the physical activity is its recreative function. 
People may want to be physically active because they enjoy the activity it-
self and accompanying factors like being outdoors, social contacts, the di-
version and relaxation, the feeling of fatigue afterwards, etc. This cat-
egory does not have a special aim they want to reach by being physically 
active, except a recreative one. This means they do whatever they like and 
as much as they like, as long as it satisfies their own personal needs for 
recreation. 
1.1.1.2 Çomgetition 
Other people are, in most cases in addition to the recreational aspects, 
attracted by competition and performance. The majority of this group will 
participate in organized sport activities. Training will be specific, de-
pending on the type of sport and the level of competition, and aimed at 
improving performance in that particular type of activity. 
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1.1.1.3 Physiçal_f|tness 
A third category chooses to be physically active with the special aim to 
improve their level of physical fitness, or to maintain a satisfactory level. 
Reasons may be that it makes them feel better and/or that they think it is 
good for their health. 
There is not much doubt about the desirability of a good physical fit-
ness from a medical point of view. Inactivity influences many bodily func-
tions in such a way that a decrease in health is the result (Katz, 1967; 
Strauzenberg, 1972; EEC/WHO Report, 1978; Israel, 1978a). The most important 
consequence of inactivity is a decreased cardiorespiratory condition, which 
shows in a low maximal oxygen uptake (\/0?max). The V0?max is the highest 
oxygen uptake that can be reached during work with large muscle groups un-
til! exhaustion. A low VCLmax not only means that the maximal working ca-
pacity is reduced, but also that the amount of work that can be performed 
over a longer period of time (i.e. the endurance capacity) is decreased 
(Ästrand, 1960; Sstrand and Rodahl, 1977). 
Training of the cardiorespiratory system by regular physical exercise in-
creases the capacity to perform ordinary daily activities (Katz, 1967; 
Strauzenberg et al., 1974; Israel, 1978a). 
Apart from the positive effect on the cardiorespiratory fitness, phys-
ical exercise also seems to have a benificial influence on many other bodily 
functions, e.g. the locomotor system, the neurovegetative system, the metab-
olic system and the endocrine system (Katz, 1967; Strauzenberg, 1972; Astrand 
and Rodahl, 1977; Israel 1978a). Indications have been found that mental 
performance is also positively influenced by physical activity (Katz, 1967; 
Powell, 1975; Sidney and Shepard, 1976), though the possibility that persons 
with certain psychological characteristics may be attracted to physical 
training programs cannot be ruled out (Astrand and Rodahl, 1977). 
The degenerative processes associated with physical inactivity bear 
much resemblance to those associated with aging, not only in the cardio-
respiratory system but also in the joints and bones (Skinner, 1970; Spira, 
1970; Strauzenberg, 1972; Strauzenberg et al., 1974; Israel, 1978a). Phys-
ical activity seems to attenuate the aging processes. For instance the re-
duction of V0?max that occurs with age («strand et al., 1973; Hodgson and 
Buskirk, 1977) is not stopped by training, but training may result in 
V09max levels that even in the 50- to 60-year-old exceed those of untrained 
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20-year-old subjects (Hollmann and Liesen, 1972). 
People whose aim it is to imorove their level of physical fitness, of 
which cardiorespiratory fitness is often regarded as the most important 
characteristic, should choose their activities in such a way that a training 
effect on the cardiorespiratory system is reached. The factors determining 
the training effect will be discussed in 1.1.2. 
1.1.1.4 Prevention 
Associated with the wish to improve physical fitness is often the hope that 
a good physical condition is a protection against ischemic heart disease 
(IHD). 
In a number of epidemiological studies it was found that vigorous phys-
ical activity during work or leisure time decreases the incidence of and 
mortality from IHD (Frank et al., 1966, Paffenbarger et al., 1970, 1975; 
Morris et al., 1973; Hickey et al., 1975; Epstein et al., 1976). It was also 
found in several investigations that a high level of physical activity was 
correlated with low levels of certain risk factors for IHD, like hyperten-
sion, high levels of serum cholesterol and triglycerides, overweight and 
smoking (Montoye et al., 1972; Gyntelberg, 1974, Hickey et al., 1975; Lewis 
et al., 1976, Cooper et al., 1976; Fardy et al., 1978). However, this does 
not imply that physical training by previously sedentary subjects affects 
the levels of risk factors for IHD. The results of studies in which the 
effect of physical training on selected risk factors has been investigated 
are not consistent (EEC/WHO Report, 1978). However, there are some studies 
suggesting that training may reduce blood pressure in hypertensive, subjects 
(Boyer and Kasch, 1970; Chrastek and Adamirova, 1970; Strauzenberg et al., 
1974), affect serum lipid levels (Strauzenberg, 1972; Lewis et al., 1976; 
Joseph and Bena, 1977) and reduce body weight in overweight people (Oscai, 
1973; Gwinnup, 1975, Lewis et al., 1976). 
Despite the fact that these data may suggest a possible function of physical 
activity in the protection against IHD, the fact that a high level of phys-
ical activity is associated with a low incidence of IHD does not prove the 
existence of a causal relationship between the two factors. The question 
whether increasing the physical activity in a previously sedentary person 
decreases his risk to develop IHD, by influencing known risk factors or by 
some other known or unknown mechanism, still has not been answered, and a 
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conclusive answer will probably be very hard to give. 
1.1.1.5 Ç2Gt!2°1.2f_bodY_wei_ght 
Physical activity may also be employed to try to lose excess body weight, or 
to maintain body weight at a satisfactory level. Losing substantial amounts 
of body weight by physical activity alone is not very simple. Host training 
studies show only a slight, if any, decrease in percentage body fat (see 
8.4.3.1). The percentage of body fat is a more important parameter than body 
weight, since body weight may remain unchanged or may even increase as a 
result of training, though the percentage of body fat is reduced, because of 
an increase in muscle mass (Smith and Stansky, 1975, 1976). 
The energy expenditure during physical activity is often overestimated: 
to lose 1 kilogram of body fat one has to run 100 km, of course not compen-
sating for the energy expended. However, physical activity may play a more 
important role in maintaining body weight at a satisfactory level and pre-
venting overweight and obesity (Oscai , 1973; Buskirk, 1974; Israel, 1978b). 
People who are physically active with this specific aim should choose those 
types of exercise that are most effective in this respect, i.e. activities 
with a high total energy cost. 
1.1.1.6 BEb§bilitaíÍ°D 
A special category of people that employ physical activity to increase their 
physical fitness are recovering patients. This group requires special train-
ing programs, which are adapted to their specific restrictions. 
1.1.2 Quantification of exercise 
As shown above, people participate in leisure time activities for various 
reasons or combinations of reasons. The aim they pursue determines what and 
how much they should do. 
Since the investigation that will be reported in the following chapters pri-
marily concerns the activities of those who want to improve their physical 
fitness and those who want to maintain or lower their body weight, further 
discussion about the quantification of exercise will be limited to these 
two aspects. 
As mentioned before (1.1.1.3 and 1.1.1.5), in order to improve cardio-
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respiratory fitness it is essential that the exercise produces a training 
effect on the cardiorespiratory system; and in order to spend as much energy 
as possible it is important that the total energy cost of the exercise be 
high. Therefore, in order to develop adequate exercise programs for groups 
or individuals, or to evaluate existing programs, the physiological effect 
of different types of exercise has to be known. 
1.1.2.1 Effeçt_on_the_cardiorespi.ratorY_system 
In the past twenty years numerous studies have been conducted to determine 
the effect on the cardiorespiratory system of different training activities 
to improve physical fitness. In almost all studies changes in VCLmax have 
been measured, which is accepted as a reliable standard for the condition 
of the cardiorespiratory system (Naqle, 1973). 
It has been shown that the training effect on VCLmax is dependent on a large 
number of interrelated variables, e.g. type of activity, continuous or in-
termittent training, intensity, frequency per week and duration of the train-
ing activities, initial status of fitness, age and heredity (Pollock, 1973). 
To produce a training effect on the cardiorespiratory system, an activ-
ity has to exert the system to a level above normal. This is best reached 
by exercises involving large muscle groups, like running, walking, cycling 
and swimming (Fox et al., 1971; Cooper, 1970; ^ strand and Rodahl, 1977). 
Intensive exercise with small muscle grouos, like certain types of calis-
thenics, weight lifting, etc, has little or no effect on VCLmax and may even 
be harmful for untrained individuals, since these activities produce a high 
blood pressure and high heart rate at a given oxygen uptake (Lind, 1970; 
Gettman et al., 1976; Ästrand and Rodahl, 1977). 
The effect of continuous or intermittent training on VO^max does not 
seem to differ as long as the total work per training session is equal (Eddy 
et al., 1977). Roskamm and Ciasing (1967) showed that the endurance capacity 
for submaximal work is higher after continuous than after intermittent train-
ing. Pollock (1973) stresses the fact that intermittent training may have a 
definite advantage over continuous training in exercise programs to improve 
physical fitness of sedentary, middle-aged and older subjects, when starting 
training. The shorter bouts of work with intermittent rest periods may allow 
them to accomplish more total work with less physiological stress per train-
ing session. 
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The effect of training on V02max depends to a large extent on the com-
bination of intensity, duration and frequency of training activities, of 
which intensity seems to be the most influential factor (Shepard, 1968; Fox 
et al., 1975). The minimum intensity required to produce a training effect 
depends on the duration of the activity, and the level of fitness and the 
level of daily activity of the subjects (Shepard, 1968; Faria, 1970; Fox et 
al., 1973; Poulus, 1974). Even at intensities as low as 30 to 40% of V02max 
(comparable with normal-speed walking) a training effect can be reached 
provided the duration of the training is long enough (over 1 hour) (Durnin 
et al., I960; Shepard, 1968). Generally it is accepted that in untrained 
subjects the training intensity should exceed 50% of the individual's V0?max 
to produce a training effect on the cardiorespiratory system (Kilbom, 1971; 
Kearney et al., 1976; Sstrand and Rodati!, 1977). An intensity of 50% of 
V0?max corresponds to a heart rate of approximately 70% of the maximal heart 
rate (Taylor et al., in Pollock (1973); Katch et al., 1978), though the in-
dividual variation may be large (Skinner, 1974; Katch et al., 1978). As a 
general rule Strauzenberg (1972) gives that the minimum training heart rate 
should be 170 minus the age in years, ftstrand and Rodahl (1977) indicate 
that one should aim at a training heart rate of 195 minus the age in years. 
Usually it is found that higher intensities during training bouts of fixed 
duration result in a larger increase in V0?max, though the relationship is 
probably not linear (Shepard, 1968; Kilbom, 1971; Kearney et al., 1976; 
Ästrand and Rodahl, 1977). 
The effects of duration and frequency of training are closely related and 
difficult to separate (Pollock,1973). Exercise bouts of short duration (5 
to 10 minutes) repeated frequently (5 to 7 times per week) have been shown 
to elicite a training response in the cardiorespiratory system (Shepard, 
1968; Strauzenberg, 1972; Pollock, 1973), but also exercise bouts of longer 
duration (45 minutes) only once a week may affect the cardiorespiratory 
system positively (Bartel, 1977). However, the effect of low-frequency or 
low-duration training is often less general and less consistent (Yeager and 
Brynteson, 1970; Bartel, 1977). Combination of a high frequency per week 
and long duration produces the largest increase of VO^max (Shepard, 1968; 
Pollock et al., 1977). 
Based on the results of the numerous studies in which the effect of inten-
sity, frequency and duration of exercise has been studied, the general 
opinion has been formed that exercising 3 to 4 times per week during 30 to 
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40 minutes with an intensity that exceeds 50% of the individual's V0?max is 
an adequate way to increase cardiorespiratory fitness (Strauzenberg, 1972; 
Kstrand and Rodahl, 1977). An increased cardiorespiratory fitness not only 
means an increased maximal working capacity but also an increased endurance 
at submaximal work loads (Nordesj0, 1974). 
1.1.2.2 Energy_exgenditure 
The energy expenditure during an activity is an important factor in train-
ing. It represents the oxygen uptake (or intensity) of the activity, since 
an approximately constant amount of oxygen is needed to expend a certain 
amount of energy (1 watt is equivalent to 2.9 ml 0?.min~ ). As discussed 
before, the intensity is one of the factors determining the training effect 
of the exercise (1.1.2.1). The energy expenditure during an activity also 
gives information about the total energy cost of a certain exercise, which 
is an important criterion when exercise is used to control body weight 
(1.1.1.5). To lose one kilogram of body fat one has to spend a total amount 
of about 29,000 kJ of energy (1 kJ = 0.24 kcal). 
Though interindividual differences in energy expenditure are found, which 
may be caused by differences in sex, age, body weight, state of training, 
etc, estimations of the energy expenditure during a large number of physi-
cal activities have been made (Ästrand and Rodahl, 1977). For walking and 
running a number of equations have been developed to predict the energy ex-
penditure from the speed (e.g. Ralston, 1958; Pandolf et al., 1976; Pugh, 
1970; Bransford and Howley, 1977). 
These data make it possible to predict the intensity and total energy cost 
of different types of exercise and allow comparisons between exercises. 
Thus adequate training programs may be developed and existing programs 
evaluated. 
1.2 AIM OF THE STUDY 
The reason to start this study were the "Aerobics" exercise programs of 
Cooper (1968b, 1970, 1972), which were edited in the Netherlands by the 
Dutch Sports Federation (NSF) in cooperation with the Dutch Heart Foundation 
(Nederlandse Hartstichting) in a brochure entitled: "Trim U fit!" (NSF-
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uitgave nr.49, 1972). The brochures were distributed freely on a large scale 
as a guideline for individuals or groups to improve their physical fitness, 
as part of a larger campaign (Trim-actie) to stimulate physical activity in 
the Dutch population. 
Global inspection of the exercise programs gave rise to the impression 
that exercise intensities in parts of the program were too high for the 
group of subjects for which the programs were meant (untrained, sedentary 
people of different ages). This prompted us to study the programs more close-
ly. We decided to study the programs for four of the six activities for 
which Cooper developed programs. These were walking, cycling and running 
(activities that can be performed by almost everyone without the need for 
special facilities), and swimming which is a much practiced leisure time 
activity. 
To be able to compare the intensities of the exercises prescribed in 
the programs with the V0?max levels of the subjects they were meant for, we 
had to be able to predict these intensities. Therefore, the first part of 
the study was directed at developing equations to predict the energy expen-
diture during walking, cycling, running and swimming in untrained men and 
women of different ages. Apart from energy expenditure, the heart rate and 
subjectively experienced load during the activities were recorded to obtain 
an impression about the possible training stimulus of these activities for 
the cardiorespiratory system and the way different intensities of the activ-
ities are subjectively experienced. The results of these studies are pre-
sented in chapters 2 (walking), 3 (cycling), 4 (running) and 5 (swimming). 
In chapter 6 the physiological load and subjective load during the different 
types of activities are compared and consequences for the choice of the type 
of training activity are discussed. 
With the equations for the prediction of energy expenditure developed 
in the first part of the study, the intensities prescribed in the Cooper 
programs for walking, cycling and running were evaluated. The swimming 
program was not studied further because results of the study on the physi-
ological load during breast-stroke swimming showed that no accurate pre-
diction of the energy expenditure from the speed was possible (chapter 5). 
As expected, the intensities in some parts of the walking, cycling and run-
ning programs were too high for the subjects for which the programs were 
meant. Therefore, we decided to modify the programs and next to test the 
modified programs for their practicability and effect. The evaluation and 
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modification of the exercise programs are described in chapter 7. In chap-
ters 8 and 9 the results of the studies in which the modified programs for 
walking and cycling (chapter 8), and running (chapter 9) were followed by 
volunteers are presented. In chapter 10 some general conclusions about the 
exercise programs are discussed. 
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In the past decades many investigations have dealt with the enerqv expendi­
ture during walking. It was demonstrated that the energy cost of walking at 
a certain sneed is linearly related to body weight (Mahadeva et al., 1953; 
Van der Walt and Wyndham, 1973). Most investigators found a linear relation­
ship between energy expenditure and the square of the speed of walking (Ral­
ston, 1958; Molen and Rozendal, 1967; Van der Walt and Wyndham, 1973; Her-
mans-Teluy and Binkhorst, 1974; Pandolf et al., 1976) and developed equa­
tions for the prediction of enerqv exoenditure of the general form E = 
2 
a + bv , where E is energy expenditure, ν is walking speed, and a and b are 
constants which vary between the different authors. Other investigators 
developed equations of a more complex nature (Bobbert, 1960; Workman and 
Armstrong, 1963). 
The reason to investigate the energy cost of walking once more was that 
most of the equations mentioned above anply to the energy cost of walking on 
a treadmill and the range of speeds investigated is often limited. Moreover, 
the subjects in most investigations were young men. 
Walking as a recreational or training activity, in which we were inter­
ested, will be performed outdoors most of the time. Daniels et al. (cited in 
Ralston, 1960) and Givoni and Goldman (1971) found that the energy cost of 
walking on a hard-surfaced road was higher than that of walking on a tread­
mill. Ralston (1960) and Soule and Goldman (1972), however, found no differ­
ences, while Wyndham et al. (1971) found a higher energy expenditure during 
walking on a road at low speeds but not at higher speeds. Thus, it is not 
certain whether the equations for predicting energy expenditure during walk­
ing on a treadmill are also valid for outdoor walking. 
In walking as a recreational or training activity normal and higher 
walking speeds adonted by healthy people are most relevant. Several equa­
tions in the literature apply only to normal and lower speeds (3 to 6 or 
6.5 km.h ) (Ralston, 1958; Molen and Rozendal, 1967; Bobbert, 1960; Workman 
and Armstrong, 1963). Speeds up to 8 or 9 km.h" have only occasionally been 
investigated (Givoni and Goldman, 1971; Van der Walt and Wyndham, 1973; 
Hermans-Teluy and Binkhorst, 1974). It therefore seemed desirable to collect 
more data on these higher speeds. 
Another point of interest was whether the energy expenditure during 
walking is dependent on sex and age. According to Booyens and Keatinge 
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(1957) women use more enerqy than men while walkinq at a certain speed. How-
ever, Ralston (1958), Molen and Rozendal (1967) and Falls and Humphrey 
(1976) found no such difference. Durnin and Mikulicic (1956) and Grimby and 
Söderholm (1962) demonstrated that older men use more energy in walking than 
younger men, while Mahadeva et al. (1953) and McDonald (1961) came to the 
conclusion that there was no influence of age on the energy expenditure dur-
ing walking. 
The aim of the study described in this chapter therefore was to find 
out whether it is possible to develop a general equation for the prediction 
of energy expenditure during walking with normal and higher speeds on an 
outdoor, hard-surfaced road for men and women of different ages. 
We also collected some data on the energy cost of walking on unpaved roads 
since recreational and training activities are often likely to take place in 
this type of surroundings (e.g. woods and parks). 
During the different walking experiments heart rate was recorded to ob-
tain an impression of the role walking may play as an activity to improve 
cardiorespiratory fitness. Furthermore, the subjective load of walkinn at 
different speeds was recorded. 
2.2 SUBJECTS AND METHODS 
2.2.1 Subjects 
Subjects were healthy adult men and women of varying age who volunteered to 
take part in the investigation. They varied from untrained (sedentary) to 
well trained, though not in walkinq. Subjects in the older age group (above 
50 years of age) were checked medically before participating in the exper-
iments. For further characteristics of the subjects see Table 2.1. 
2.2.2 Methods 
2.2.2.1 Determinati on_of_energy_exoenditure 
The oxygen consumption during walking was determined in steady state (at 
least 6 minutes after walking had started) by an open circuit technique. A 
Kofranyi-Michaelis portable gasmeter (as modified by Müller and Franz, 1952) 
was attached to a bicycle which was moved along by the investigator walking 
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FIGURE 2.1 
Experimental set-up during the walking experiments. 
The investigator walks next to the subjeat and moves along a bicycle on 
which gasmeter and cassette recorder for ECG registration acre mounted. 
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next to the subject (figure 2.1). The volume of expired air was measured by 
the gasmeter and samples were collected in an anaesthesia bag. The Oj, frac­
tion in the expiratory air was determined in a Servomex (L· analyzer (type 
OA 272). Energy consumption was calculated by the method of Weir (1949), as 




M = energy expenditure in kcal.min" (1 kcal.min" = 69.93 watt). 
FpOp = 0? fraction in the expiratory air. 
Vr = expiratory volume, reduced to standard temperature (0 C ) , pressure 
STPn " -1 
(101.3 kPa) and dry air (0% humidity),in l.min 1. 
If the respiratory exchange ratio is between 0.85 and 1.00, as is usually 
the case during submaximal exercise, the error of this method is between +2% 
and -2%, compared to the method in which C0? and 0? in the expiratory air 
are determined and the nitrogen correction is applied (Croonen and Binkhorst, 
1974). 
2.2.2.2 Determination of_heart rate 
The heart rate was recorded electrocardioqraphically on a cassette recorder 
by means of a modulator-demodulator (Philips, XM 4600). Later the tape was 
replayed and the heart rate counted or reqistrated on a Servogor recorder 
by means of a cardiotachometer (built by Dr.F.Smolders). 
2.2.2.3 Qther_garameters (step frequency, perceived exertion, environmental 
conditions) 
Other parameters recorded during the experiments were speed of walking, step 
frequency and the rating of perceived exertion (RPE). The rating scale of 
Borg (1973) (Table 2.1) was presented to the subjects immediately after they 
had stopped walkinq. 
Wind velocity during the experiments was determined by means of a Flügelrad 
Anemometer (Wilh. Lambrecht, Göttingen). It never exceeded 100 m.min (mean 
of three 1-minute measurements per experiment). The environmental tempera-
ture varied between 1.5 and 24 С (mean 13 C). 
2.2.2.4 Analysis_of_the_data 
Regression equations for the relat ionship between energy expenditure and 
2 
the square of speed (E = a + bv ) were obtained. Differences between two 
equations were tested by the following method. First, the difference in b 
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between the two equations was tested with the Student t-test. When no sig­
nificant difference was found (i.e. ρ > 0.05), the equations were assumed 
to have the same slope and the mean b was calculated. This value was insert­
ed in the two equations and the resulting two values for a were determined. 
Next the difference between these two values was tested with the Student t-
test. If the a's differed significantly (p < 0.05), the equations were 
different but parallel, if no significant difference was found the equations 
were identical and one equation was developed. 
Two-way analysis of variance was used to examine the dependency on sex 
and age or their possible interaction for certain parameters, like selected 
speed, heart rate and rating of perceived exertion. The level of signifi­
cance was chosen to be 0.05. 




Twenty-one subjects, men and women between 20 and 30 and between 50 and 60 
years of age (characteristics see Table 2.2.a) walked on an asphalt-paved 
road undisturbed by traffic. All subjects performed four experiments: twice 
they were asked to walk at their own "normal" walking speed, and twice they 
were asked to walk "fast". The subjects completed 1 or 2 experiments a day. 
When two experiments were carried out on the same day, one was at "normal" 
speed, the other one "fast". Between the experiments the subjects rested 
for about 30 minutes. 
2.2.3.2 Walking_on_an_unpaved_road 
Six subjects (5 men and 1 woman of varying age, characteristics see Table 
2.2.b) walked on an asphalt road and on an unpaved road. This unpaved road 
consisted mainly of firm sand, but parts of it were covered with loose sand 
(about 10% of the total distance). 
Each subject took part in four experiments on four different days. Per ex­
periment they walked the asphalt road and the unpaved road at the same speed, 
with a 30-minute rest in between. The subjects walked twice at their own 
"normal" speed and twice they were asked to walk "fast". 
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TABLE 2.2 Age, height and weight (mean and range) of the subjects in the 
walking experiments. 
2.2.a Subjects in the asphalt-paved road experiments 
* + number age (yr) height (cm) weight (kg 
men 20-30 yr 5 25(22-28) 186.5(181.5-195.0) 77.8(69-88) 
women 20-30 yr 6 25(22-26) 170.8(167.0-175.0) 62.1(53-70) 
men 50-60 yr 5 53(50-60) 179.3(167.5-189.0) 87.5(70-104) 
women 50-60 yr 5 56(51-60) 166.2(162.0-173.0) 63.4(51-70) 
2.2.b Subjects in the unpaved/paved road experiments 
number sex age (yr) height (cm) weight (kg) 
5 M 33(23-54) 183.9(173.5-194.0) 79.4(68-89) 
1 F 27 172.5 60.6 
ж height with shoes on 
+ weight including the clothes the subjects were wearing during the exper­
iments (see also note on p. 19). 
2.3 RESULTS 
2.3.1 Walking on an asphalt-paved road 
2.3.1.1 EnergY_expenditure 
Energy expenditure per minute. Figure 2.2.a shows the energy expenditure 
(in watt; 1 watt = 0.0143 kcal.min"1) of the 20- to 30- and 50- to 60-year-
old male and female subjects while walking at different speeds. In figure 
2.2.b energy expenditure is expressed per kg body weight . The scatter of 
the data is reduced, which was to be expected since during walking the body 
weight has to be moved. Linear regression equations for the relationship 
between energy expenditure per kg body weight and the square of the speed 
have been developed for the four categories of subjects. They are represent­
ed in figure 2.3. 
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FIGURE 2.2 
-1 
Energy expenditure during walking at different speeds (km.h ) for 
30 yr: o; men 50-60 yr: #; women 20-20 yr: Δ; women 50-60 yr: A. 
Energy expenditure in watt (a) and in watt.kg~l (b). 
energyexpediture (watt kg-') 
men 20-
10 
FIGURE 2. 3 
Regression equations for the relation­
ship between energy expenditure (E, 
watt.kg~li and speed (v, km.h~l) 
during walking. 
— men 20-30 yr: E=1.0 + О.ІЗв 2 
SD = 0.5 
men 50-60 yr: E=l. 3 + 0.124v2 
SD = 0.2 
women 20-30 ur: E=0.8 + 0.149v2 
SD = 0.3 
women 50-60 yr: E=1.6 + 0.127v2 
SD = 0.3 
8 10 
speed ( kmh"1 ) 
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No significant differences between the age groups (20-30 and 50-60 years) 
in either of the sexes were found, but the regression equations of the male 
subjects differed significantly from those of the female subjects. However, 
the differences between the energy expenditures predicted by the four equa-
tions are not very large (< 10%), so that for the prediction of energy ex-
penditure in practice one equation may be used, based on the data of all 
subjects: È = 1.1 + 0.135v2; E in watt.kg"1, ν in km.h"1 (SD = 0.4). 
Energy expenditure per kilometer. In figure 2.4 the same energy expenditure 
data are presented as in figure 2.2, but this time the energy expenditure is 
expressed per kilometer covered (in kJ.km" .kg ; 1 kJ = 0.24 kcal). 
energy expenditure(kj km1 kg'1)-








О Δ * · 
8 
speed ( km· h"1 ) 
FIGURE 2.4 
Energy expenditure per distance covered (kJ.km .kg ) during walking at 
different speeds (km.h~l) for men 20-30 yr: o; men 50-60 yr: · ; women 20-30 
yr: Δ; women 50-60 yr: i . 
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The regression equation for the relationship between energy expenditure per 
4 1П4 -1 -1 -1 
kilometer and speed (E = ~ ~ + 0.486; E in kJ.km ^kg ί , ν in km.h ) has 
V
 -1 
a minimum at a speed of 2.9 km.h 
2.3.1.2 Ste2_length_and_ste2_freguency 
Figure 2.5 shows the ratio step length/step frequency at different walking 
speeds. The ratio is nearly constant for each subject but the interindivid­
ual variation is large. The mean ratio for the 20- to 30-year-old men is 
0.77, for the 50- to 60-year-old men 0.69, for the 20- to 30-year-old women 
0.66 and for the 50- to 60-year-old women 0.63. The ratio step length/step 
frequency is higher in the men than in the women, which means that men take 
longer strides than women at the same speed. The difference may be partly 
explained by the difference in leg length between men and women. Figure 2.6 
shows the ratio step length/leg length at different speeds. The ratio does 
not differ significantly between the men and the women. 
2.3.1.3 Heart_rate_and_rating_of_gerçeived_exertion 
Figure 2.7 shows the heart rates recorded during walking at different 
speeds. The scatter of the data is large. Table 2.3 presents the mean speeds 
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FIGURE 2.5 
Ratio step length/step fvequenay at different walking speeds for men 20-30 
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FIGURE 2.6 
,-l Ratio step length/leg length at different walking speeds (v3 km.h ) for 
men 20-50 yr: o; men 50-60 yr: · ; women 20-30 yr: Δ; women 50-60 yr: i . 
Regression equations for male (step length/leg length = 0,486 + 0.070v) and 
female (step length/leg length = 0.403 + O.OSOvl subjects are shown. 
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FIGURE 2.7 
Heart rates during walking at different speeds for men 20-30 yr: o; men 
50-60 yr: Φ; women 20-30 yr: Δ; women 50-60 yr: i. 
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TABLE 2.3 Mean and range of the speeds selected, heart rates (absolute 
values and as a percentage of the predicted maximal heart rate 
(hr )), and RPE scores, when subjects v/ere asked to walk at 
their "normal" speed or "fast". 
selected speed heart rate heart rate RPE score 
r ) max' (krn.h"
1) (n.min"1) (% of hr 
"NORMAL" SPEED 
men 20-30 yr 5.5(4.7-6.8) 97(84-115) 49.9(43-59) 9.2(7-12) 
women 20-30 yr 5.4(4.5-6.4) 104(88-126) 53.3(45-65) 9.7(9-11) 
men 50-60 yr 5.3(4.7-6.0) 102(94-109) 61.8(57-66) 10.7(7-13) 
women 50-60 yr 5.2(4.2-5.5) 94(83-117) 56.8(50-71) 10.0(7-13) 
"FAST" SPEED 
men 20-30 yr 7.4(6.4-8.6) 127(100-155) 65.0(51-80) 12.5(11-16) 
women 20-30 yr 7.1(6.3-8.1) 136(122-153) 69.6(63-78) 12.1(11-13) 
men 50-60 yr 6.6(5.8-7.7) 126(111-138) 76.1(67-84) 11.3( 7-14) 
women 50-60 yr 5.9(5.2-6.2) 116(94- 139) 70.2(57-84) 11.3( 9-15) 
χ predicted maximal heart rate for 20-to 30-year-old subjects 195 beats. 
m m , for 50-to 60-year-old subjects 165 beats.min (Sstrand and Rodahl, 
1977). 
their "normal" speed or to walk "fast". The mean heart rates recorded at 
those speeds and the RPE scores are presented as well. Two-way analysis of 
variance showed no significant differences between the sexes or age groups 
for the "normal" walking speeds, nor for the heart rates or RPE scores dur­
ing "normal"-speed walking. Jhen heart rates are expressed as percentage of 
the age-dependent predicted maximum heart rate (195 in 20- to 30-year-old 
subjects and 165 in 50- to 60-year-old subjects, Kstrand and Rodahl, 1977), 
a significant difference between the age groups is found, the younger sub­
jects showing lower values than the older ones (Table 2.3). The rating of 
oerceived exertion during "normal"-speed walking does not differ signifi­
cantly between the sexes or age groups and is "light" (RPE score 9-10, see 
Table 2.1). The speeds selected during "fast" walking differ significantly 
between the sexes and age groups, the women adopting lower speeds than the 
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men, and the older subjects lower speeds than the younger. The heart rates 
during "fast" walking are significantly higher in the 20- to 30-year-old 
subjects than in the 50- to 60-year-old ones. In addition a significant in-
teraction between sex and age is seen. Jhen the heart rates are expressed 
as percentage of the predicted maximum heart rate also a significant inter-
action between sex and age is found, but no further differences due to sex 
or age. 
The RPE score during "fast" walking varies between "fairly light" (11) and 
"rather hard" (13) and it is not dependent on sex or age. 
The data for the four groups of subjects show the same trend during "normal" 
and "fast" walking: higher speeds in the men than in the women, but repre-
senting an equal relative load {% of maximum heart rate), and higher speeds 
in the younger (20-30 year) than in the older (50-60 year) subjects, which 
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FIGURE 2.8 
Energy expenditure (E} watt.kg ] during walking on an asphalt-paved road 
(o, a} and on an unpaved road iij Ш7 at different speeds (υ, km.h~^ì for 
S male (о, à) and 1 female (а, Ш) subjects. 
Asphalt: Έ = 1.2 + 0.134v2 SD = 0.4 
Unpaved: Έ = 1.0 + 0.15SV2 SD = 0.5 
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however, represent a lower relative load (Table 2.3). This is not reflect­
ed in the RPE score. 
2.3.2 Walking on an unpaved road 
2.3.2.1 Energ^_exgenditure 
Fiqure 2.8 shows the energy expenditures of 5 men and 1 woman of varying age 
during walking at different speeds on an asphalt-paved road and on an un­
paved road. Three of the subjects had also participated in the previous ex­
periments described in 2.3.1.1. 
The regression equation for the relationship between energy expenditure and 
walking speed based on the data for walking on the asphalt-paved road (E = 
2 -1 -1 
1.2 + 0.134V , E in watt.kg , ν in km.h , Figure 2.8) is almost identical 
to the equation derived from the previous experiments for walking on an 
asphalt-paved road (E = 1.1 + 0.135v2, 2.3.1.1). The same holds for the 
equation derived for the three subjects who did not take part in the previ-
2 
ous experiments (E = 1.0 + 0.138v ). This confirms the validity of the equa­
tion derived from the results of the previous experiments (2.3.1.1). 
The energy expenditure during walking on the unpaved road is significantly 
higher than during walking on the asphalt-paved road. The difference is 
about 10%. This means that to predict the energy expenditure during walking 
on an unpaved road 10% has to be added to the value for walking on an as­
phalt-paved road at the same speed. 
2.3.2.2 §te[i_length_and_s t e g f reguency 
Figure 2.9 shows the ratio step lenqth/leg length at different speeds during 
walking on the paved and the unpaved road. No differences between the paved 
and the unpaved road are seen, which shows that this aspect of the walking 
pattern does not change when walking on an unpaved road. 
2.3.2.3 Heart_rate_and rating_of_gerçeived_exertion 
Figure 2.10 shows the heart rates recorded during walking on the paved and 
unpaved road. In general heart rates at each speed are lower than in the 
previous exoenments (Figure 2.7). The reason for this difference is prob-
ably the better cardiorespiratorv condition of the subjects in the paved/ 
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FIGURE 2.9 
Ratio step length/leg length during walking at different speeds on an 
asphalt-paved road (ο, Δ J and on an unpaved road (Φ, i) for S male (ο, ·) 
and 1 female (k} k) subjects. 
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FIGURE 2.10 
Heart rates during walking at different speeds on an asphalt-paved (o) and 
an unpaved (»] road. 
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walking. The relationship between energy expenditure and heart rate dit not 
differ significantly between walking on the paved and on the unpaved road. 
The mean selected speed when the subjects were asked to walk at their 
"normal" speed was 5.4 km.h for walking on the paved road and 5.7 km.h" 
on the unpaved road (mean of the 5 male subjects). The mean heart rates were 
93 and 94 beats per minute and the RPE scores 10.3 and 10.0 respectively. 
The selected speeds during "fast" walking were 7.7 km.h for the paved road 
and 7.5 km.h for the unpaved road. Heart rates were 126 and 129, RPE 
scores 12.4 and 12.4 respectively. These results are in agreement with the 
data in Table 2.3 for the 20- to 30-year-old men. 
2.4 DISCUSSION 
2.4.1 Energy expenditure during walking 
2.4.1.1 Energ^_exgenditure_during_v_;alking_on_an_asghalt;[iayed_ro 
2.4.1.1.1 Relationship between energy expenditure and speed. 
The relationship between energy expenditure and speed during walking can be 
described by means of a linear regression equation with the square of the 
speed as the only variable (2.3.1.1), as was found by many other investiga-
tors (Ralston, 1958; Molen and Rozendal, 1967; Van der Walt and Wyndham, 
1973; Hermans-Teluy and Binkhorst, 1974; Pandolf et al., 1976). A non-linear 
relationship between energy expenditure and speed was to be expected, since 
Cavagna and Kaneko (1977) showed that the internal work (the mechanical 
power spent to accelerate the limbs relative to the trunk) is a function of 
the square of the speed during walking. 
Influer.co of aex. A small but significant difference in energy expenditure 
was found between the sexes (see 2.3.1.1). The men used somewhat less energy 
than the women at the same speed (ca b%). This is in contrast with the find-
ings of Booyens and Keatinge (1957), who found a higher energy expenditure 
in men than in women; the difference 'jas 12%. They thought that this was 
due to the fact that the women took shorter steps in relation to the length 
of their legs than the men. At 5.47 km.h the ratio step length/leg length 
was 0.86 for their female subjects and 0.91 for their male subjects. At 
6.44 km.h" the ratios were 0.91 and 1.00 respectively. This means that the 
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women performed less work lifting their body vertically than the men, which 
according to Booyens and Keatinge causes their lower energy expenditure. 
However, Falls and Humphrey (1976) argue that, even though lift work may be 
reduced in women, the higher step frequency which is associated with the 
shorter step length will require more internal work, at least partially off-
setting the decreased lift work. Moreover, our subjects had at 5.47 km.h 
a ratio between step length and leg length of 0.84 for the women and 0.87 
for the men, and at 6.44 km.h values of 0.92 and 0.94 respectively, which 
are not significantly different (2.3.1.2, Figure 2.6) 
Other investigations on the energy expenditure of men and women during walk-
ing have not confirmed the findings of Booyens and Keatinge either. Although 
Molen and Rozendal (1967) also found a somewhat higher energy expenditure 
in men than in women, this was not associated with the pattern of walking, 
but reflected a difference in the energy expenditure during standing between 
the sexes. Since the difference was considered small by the authors (an 
exact value was not reported), they concluded that for practical purposes 
it was not necessary to distinguish between the sexes. Ralston (1958), Lukin 
and Ralston (1968), and Falls and Humphrey (1976) did not find any differ-
ences in energy expenditure between the sexes. 
The fact that some authors found a higher energy expenditure in men than in 
women and that we found a higher value in women than in men, while other 
authors did not find a difference at all, may be attributed to interinai vid-
ual variation (caused by differences in step length, step frequency, coordi-
nation, extra movements, pelvic rotation, training, etc) and differences in 
the experimental conditions, for instance the shoes that were worn during 
the experiments. If true differences in energy expenditure between the sexes 
exist, they tend to be small, so that they may be disregarded in practice 
(2.3.1.1). 
influence of age. No difference was found between the energy expenditures of 
men and women aged 20-30 years and those aged 50-60 years (2.3.1.1). This is 
in agreement with the findings of Mahadeva et al. (1953) and McDonald (1961). 
Durmn and Mikulicic (1956) and Grimby and Söderholm (1962), however, found 
a higher energy expenditure (> 10%) in men above 50 years of age compared to 
young men. This difference was not due to differences in step length or step 
frequency (Grimby and Söderholm, 1962), but was thought to be caused by a 
decreasing "mechanical efficiency" for walking in higher ages. Murray (1967) 
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found that the gait of men above 60 years of aqe shows less pelvic rotation 
than that of younger men. According to Inman et al., cited by Murray (1967), 
pelvic rotation serves to lessen the amplitude of the vertical excursion of 
the center of gravity of the body during each step, thus decreasing the 
energy expenditure. This would mean that the "presenile" walking pattern, 
as it is called by Murray, has a higher energy expenditure. On the other 
hand, this walking pattern is associated with a shortened step length (Mur-
ray, 1967), which leads to less work in lifting the body vertically. There-
fore, it is not clear whether this "presenile" walking pattern will result 
in an increased, decreased or unchanged energy expenditure. 
In our investigation the men aged 50-60 years took shorter steps than those 
aged 20-30, but the step length was related to leg length and probably not 
to age (Figure 2.6). 
Here again the disagreement between the different authors about the influ-
ence of age on energy expenditure during walking may be explained by inter-
individual variation and/or differences in the experimental conditions. 
Equations from the Ivterature. Figure 2.11 shows the equation for the rela-
tionship betv/een energy expenditure and speed derived in this investigation, 
and those by seven other authors (see also Table 2.4). The range of speeds 
investigated in these studies is often limited to lower speeds and most of 
the equations are based on data from treadmill walking (Table 2.4). 
When the equations in Figure 2.11 valid for speeds up to 6 or 7 km.h" (Ral-
ston, 1958, Bobbert, 1960; Workman and Armstrong, 1963; Molen en Rozendal, 
1967) are extrapolated to higher speeds, they will underestimate,or over-
estimate the energy expenditure predicted by our equation. 
The regression equations of Van der Walt and Wyndham (1973), Hermans-Teluy 
and Binkhorst (1974) and Pandolf et al. (1976) are valid for higher walking 
speeds as well. The energy expenditure as predicted by the first two equa-
tions differs less from that calculated with our formula than that predicted 
by the equation of Pandolf et al., especially in the range of high walking 
speeds (Figure 2.11). There are probably no large differences in energy 
expenditure during treadmill walking and outdoor walking, since both Van 
der Walt and Wyndham (1973), who predict a somewhat higher energy expendi-
ture, and Pandolf et al., (1976), who found lower values, did their exper-
iments on a treadmill, while our equation and that of Hermans-Teluy and 
Binkhorst (1974) are based on outdoor walking (Table 2.4). 
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TABLE 2.4 Regression equation for the relationship between energy expenditure and walking speed during walking by a number 
of authors. È = energy expenditure in watt.kg , and ν = walking speed in km.h , unless mentioned otherwise. 




1. Hermans-Teluy and 
Binkhorst (1974) 
2. Van der Walt and 
Wyndham (1973) 
3. Bobbert (I960) 
4. Pandolf et al. (1975) 
5. Workman and Armstrong 
(1963) 
6. Holen and Rozendal 
(1967) 
7. Ralston (1958) 
8. this Investigation 
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Possible reasons for the differences betv/een the various authors may again 
be the interindividual variation or differences in the experimental set-up. 
Conclusion. Our investigation shows no marked differences in energy expen­
diture during walking between male and female, or young and older subjects 
(2.3.1.1). Therefore, one general equation has been derived, which predicts 
the energy expenditure during walking from the walking speed. 
From the equations published in the literature only those of Van der Walt 
and Wyndham (1973) and of Hermans-Teluy and Binkhorst (1974) (based on the 
results of a preliminary study for this investigation) predict energy 
energy expenditure (watt kg-1) 
2 4 6 8 10 
speed ( k m fr1 ) 
FIGURE 2.11 
Regression equations for the relationship between energy expenditure (watt. 
kg~l} and speed (hn.h~^i (see Table 2.4): 1. Hermans-Teluy and Binkhorst 
(1974); 2. Van der Walt and Wyndham (1973); д. Bobbevt (1960); 4. Pandolf 
et al. (1976); 5. Workman and Armstrong (1963); 6. Molen and Rozendal (1967); 
7. Ralston (1938); 8. this study. 
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expenditures in the range of speeds above 7 km.h similar to the values 
predicted by the equation derived in our investigation. However, since the 
equation of Van der iJalt and Uyndham (1973) deviates from most of the other 
equations at lower speeds (Figure 2.11), and that by Hermans-Teluy and 
Binkhorst (1974) was based on three subjects only, it is concluded that the 
2 
general equation derived in our investigation (E = 1.1 + 0.135v , SD = 0.4, 
E in watt.kg , ν in km.h ) should be used to predict the energy expendi­
ture of healthy adult men and women up to 60 years of age during walking on 
a level asphalt-paved road at speeds between 4.5 and 8.5 km.h . 
2.4.1.1.2 Energy expenditure per distance covered and "optimal" speed. 
In the range of speeds investigated (4.5 - 8.5 km.h ) no clear minimum in 
the energy expenditure per distance covered was found (Figure 2.4). Cavagna 
et al. (1976), v/ho calculated the external work (which they define as the 
work due to the total mechanical energy changes of the centre of mass) dur­
ing walking at different speeds, found that at speeds between 4 and 5 km.h 
a maxinal recovery of mechanical energy takes place because of a maximal 
exchange between potential and kinetic energy. This minimum in external work 
coincides with a minimal energy expenditure per distance covered (Cavagna et 
al., 1976). Ralston (1958) found a minimum energy expenditure at 4.4 km.h 
and called this speed the "optimal" speed. This is in agreement with Cavagna 
et al.'s calculations. Ralston (1958) found that the speed that his subjects 
adopted when walking at their own speed corresponded to the "optimal" speed. 
Molen et al. (1972) observed people walking in the streets and found a mean 
speed of 5.0 km.h for men and of 4.6 km.h for women. These values agree 
quite well with Ralston's "optimal" speed. Murray (1967) found for men up 
to 60 years of age a freely chosen speed of about 5.4 km.h . Men above 60 
years of age chose considerably lower speeds (4.1 km.h" ). The subjects in 
our experiments adopted, when asked to walk at their "normal" speed, speeds 
between 4.2 and 6.8 km.h" with a mean of 5.0 - 5.5 km.h" (Table 2.3). 
These mean values are somewhat higher than the optimal speeds as determined 
by Ralston (1958) and Cavagna et al. (1976). But, as Molen et al. (1972) 
stated, "in human walking there is room for criteria of behaviour other than 
the saving of energy alone". 
2.4.1.2 Energy expenditure during walking on an unpaved road 
The energy cost of walking on an unpaved road is about 10% higher than on 
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an asphalt-paved road (2.3.2.1). This agrees mth the results of Soule and 
Goldman (1972) uho investigated the energy cost of walking for different 
level terrains. They introduced "terrain coefficients" (n) in their gener-
2 
al equation (E = a+b.n.v ). The terrain coefficient for treadmill or black­
top road was 1.0, for dirt road 1.1, and for light brush 1.2. Calculating 
the mean terrain coefficient (n) by introducing n into the equation develop­
ed for walking on an asphalt-paved road in our study, i.e. E = 1.1 + 
0.135nv (with n = 1.0 for an asphalt-paved road), yields a mean value for 
n of 1.13 for walking on the unpaved road. This value agrees quite well with 
the π of 1.1 which Soule and Goldman (1972) found for walking on a dirt road. 
2.4.2 Heart rate during walking and the training stimulus for the cardio­
respiratory system 
The scatter of the heart rates during walking at different speeds is large 
(2.3.1.3, Figure 2.7). This was to be expected since the subjects differed 
in age, sex, and training condition. Heart rates during "normaV'-speed walk­
ing were about 100 beats per minute (Table 2.3). These values agree with 
those found by Kriel et al. (1976)· a mean of 98 beats per minute during 
normal-speed walking. Day et al. (1976) found somewhat lower values (mean 
88 beats per minute). The subjects of Day et al., men between 32 and 67 
years of age, were also asked to walk as fast as comfortably possible. Mean 
heart rates reached 100-110 beats per minute. These values are ca 15 beats 
per minute lower than those found in our ^ j y during "fast" walking (Table 
2.3). Since Day et al. (1976) do not mention the speeds their subjects 
adopted, it is not clear whether this difference is due to the fact that 
their subjects walked more slowly or that they were better trained. 
It has been shown that in general a training intensity of at least 50% 
of the maximal oxygen uptake is required to produce a positive effect on 
cardiorespiratory fitness (Ästrand and Rodahl, 1977; see also 1.1.2.1). This 
minimum training intensity corresponds to a training heart rate of ca 70% 
of the maximum heart rate (Taylor et al., in Pollock, 1973; Katch et al., 
1978). As can be seen in Table 2.3, only a few subjects approximate this 
minimum training heart rate during "normal" walking. This means that "normal" 
-speed walking in most adults does not stimulate the cardiorespiratory sys-
tem enough to produce a training effect. 
During "fast" walking most subjects reach heart rates that exceed 70% of 
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their predicted maximum (Table 2.3), though in 5 of the 21 subjects (3 
between 20 and 30 years of age and 2 betv/een 50 and 60) this was not the 
case. Although the subjects were not pressed to walk as fast as possible 
and the influence of motivation on the choice of the speed cannot be ruled 
out, we had the impression that most of these subjects could not walk much 
faster. Pollock et al. (1971) found that subjects who, as part of a train-
ing program, had to walk a certain distance as fast as possible, 4 times per 
week during 20 weeks, trained at very divergent heart rate levels. Some sub-
jects reached heart rates of up to 90% of their maximum heart rate, others 
only reached 60 to 70%. Pollock's conclusion was that physical limitations 
directly related to walking rather than cardiovascular function often dic-
tated the speed. These physical limitations may be the result of degener-
ative processes in the locomotor system. In well-trained individuals it is 
also possible that the maximum walking speed (absolute maximum 9 km.h , 
see 6.1.1, but dependent on body size too) is reacned, while the heart rate 
is still low 
The conclusion from these data is that "normal"-speed walking does not 
stimulate the cardiorespiratory system sufficiently to produce a training 
effect in most healthy subjects because their heart rate remains too low. 
"Fast" walking can be effective in this respect, though some subjects, 
especially those with a slightly handicapped locomotor system and on the 
other hand wel1-trained individuals, may, even during fast walking, not be 
able to reach the heart rate levels required to produce a training effect 
on the cardiorespiratory system. 
2.4.3 Rating of perceived exertion during walking 
It has been shown that the rating of perceived exertion reflects the rela-
tive work load, which can be represented by the heart rate level in relation 
to the maximum heart rate (see 6.1.3). No significant differences in RPE 
score were found due to sex or age during "normal" and "fast" walking 
(2.3.1.3, Table 2.3). The relative work load (percentage of maximal heart 
rate reached) during "normal" walking is significantly lower in the 20- to 
30-year-old subjects than in the 50- to 60-year-old, but this is not re-
flected by a significant difference in RPE score between the age groups, 
which indicates that the older subjects score relatively lower than the 
younger ones. This is also suggested by the data for "fast" walking, though 
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differences were not significant (2.3.1.3, Table 2.3). No differences in 
rating of perceived exertion are apparent between the sexes. 
2.5 SUMMARY 
The physiological load (energy expenditure and heart rate) during walking 
outdoors on an asphalt-paved road has been studied in 21 untrained subjects, 
men and women aged 20 to 30 and 50 to 60 years. 
No difference in energy expenditure was found between the age groups, 
while the female subjects expended slightly more energy during walking at a 
certain speed than the male subjects. However, the mean difference was small 
(< 10%) and therefore it was not considered necessary to distinguish between 
the sexes when predicting the energy expenditure during walking for practi­
cal purposes and one equation has been developed to predict energy expendi­
ture from the walking speed-
E (watt.kg'1) = 1.1 + 0.135v2 (km.h"1) SD = 0.4; 
4.5 kn.h"1 1 ν < 8.5 km.h - 1 
Walking on unpaved roads costs approximately 10% more energy than walking 
on paved roads. 
Heart rates during "normal"-speed walking (5-5.5 km.h" ) and in some 
subjects also during "fast" walking (6.5-8 km.h" ) remained too low to 
produce a training effect on the cardiorespiratory system (< 70% hr ). 
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Unlike walking cycling has not been studied very systematically. Although 
the energy expenditure during cycling on bicycle ergometers has been exten-
sively investigated, not many data are available on the energy expenditure 
during normal cycling. 
In 1899 Zuntz published data on energy expenditure during cycling at 
three different speeds. Since then, only scattered information has been 
published by a number of authors, mostly for cycling at comparatively low 
speeds (< 20 km.h"1) (Dill et al., 1954; Edholm et al., 1955; Malhotra et 
al., 1962; Adams, 1967). More recently Brooke and Davies (1973) and Pugh 
(1974) published data on the energy expenditure of racing cyclists. An es-
timation of the energy expenditure of racing and touring cyclists was made 
by Whitt (1971). He calculated the power needed to ride at a certain speed 
and, assuming a net efficiency of 23.6%, predicted energy expenditure. 
No systematic studies have been conducted on the energy expenditure of tour-
ing cyclists for the whole range of touring speeds (10-30 km.h" ). The rea-
son for this lack of data is probably that cycling is not a much practiced 
activity in many countries. In the Netherlands, however, cycling has for 
many years been a part of the normal daily activity pattern of a large 
proportion of the population, and still is for many people. Moreover, the 
number of people who cycle for recreation or to improve their physical fit-
ness is increasing. When cycling is used as a means to improve physical 
fitness, it is important to know the physiological load during cycling at 
different speeds. Therefore, we tried to find out whether it is possible to 
predict the energy expenditure from the cycling speed. The influence of sex 
and age on the energy expenditure has been studied too. Literature data on 
this subject are scarce, but they seem to indicate that sex and age have no 
significant effect beyond that of body weight or body surface (Adams, 1967; 
Adams and Seabury, 1976). In addition the energy expenditure during cycling 
on different types of bicycles, which are being used in recreational cycling, 
and the influence of gear ratios were studied. The role of gear ratios has 
been the subject of many investigations in bicycle ergometry (Stegemann et 
al., 1968; Pandolf and Noble, 1973; Stamford and Noble, 1974; Gaesser and 
Brooks, 1975; von Schiirch et al., 1976; Seabury et al., 1977; Wolff, 1978). 
The aim of this part of our study was to assess whether the pedalling rates 
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associateci with the gears used in recreational cycling have a significant 
effect on the energy expenditure. 
In the third part of the investigation the validity of the equation for the 
prediction of energy expenditure, developed for undisturbed cycling at a 
constant speed, was tested for cycling in normal traffic, where the speed 
is more variable because of turns, stops, etc. 
In the last part of the study the energy expenditure during uphill cycling 
was investigated. The results were compared with the energy expenditure 
predicted from a formula of Whitt and Wilson (1974), in order to check the 
validity of this formula. 
During all experiments heart rates and, in most cases, the subjective rating 
of perceived exertion were recorded to collect information about the role of 
cycling as a training activity to improve cardiorespiratory fitness and the 
subjective load during cycling. 
3.2 SUBJECTS AND METHODS 
3.2.1 Subjects 
Subjects were healthy adult men and women of different ages who volunteered 
for the experiments. They varied from sedentary to well trained. Most of 
them cycled daily, but only short distances. One older man had not cycled 
for 15 years. Subjects older than 50 years were checked medically before 
they were allowed to participate in the investigation. Characteristics of 
the subjects are given in Table 3.1. 
3.2.2 Methods 
3.2.2.1 Determi nation_of_energy_exgenditure_and_heart_rate 
Energy expenditure and heart rate during cycling were determined in steady 
state (at least 6 minutes after the start of the cycling) by the same tech-
niques as during walking (2.2.2.1 and 2.2.2.2). The Kofranyi-Michaelis gas-
meter was attached to the front of the bicycle and the cassette recorder 
(Uher, type CR 210) was mounted on the rear carrier (Figure 3.1). The weight 
of the equipment (gasmeter + cassette recorder) was 10 kg. 
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TABLE 3.1 Number, age, height and weight (mean and range) of the subjects 
taking part in the different series of cycling experiments. 
a
· СУСІ109-2!]_5-1ЁУ§1_!Г9ЁС! 
number age (years) height (cm) weight (kg) 
men 20-30 yrs 5 24(21-27) 184.2(174-194) 71.4(58-86) 
women 20-30 yrs 5 22(20-26) 166.6(160-173) 56.2(48-64) 
men 50-60 yrs 5 53(51-57) 174.7(170-181) 78.2(72-86) 
women 50-60 yrs 5 53(51-56) 168.2(164-172) 69.9(56-85) 
Control group: 
men 6 30(18-46) 180.3(171-189) 79.3(71-91) 
women 5 40(22-47) 167.8(158-178) 64.0(59-69) 
b· Çy£llD9.90-dlff§!r§GÎ.bl9yle_tY0§5-ËGd.y§lD3.^lffË!r§!]Î-9§Ë-.r§ïl95 
men 5 24(22-27) 182.2(171-194) 75.9(67-86) 
women 1 27 172.5 59.5 
c
· Çyçll09.iG.Î!rËffi£ 
men 5 37(20-55) 180.4(164-191) 73.9(68-79) 
women 5 35(20-54) 163.9(158-172) 59.6(56-66) 
d· СУСІІОЭ.УВЬІІІ 
men 20-30 yrs 3 22(20-24) 183.6(180-185) 71.2(69-74) 
women 20-30 yrs 3 21(20-23) 174.5(172-177) 64.8(54-82) 
men 50-60 yrs 3 53(50-55) 175.3(174-176) 82.4(77-86) 
women 50-60 yrs 3 53(50-54) 164.6(159-170) 68.8(65-71) 
* height with shoes on 




Experimental set-up during the oyaling experiments. 
3.2.2.2 Qther^arameters^geda l l in^ ra te^gerce ived^^ 
conditions) 
Apart from energy expenditure and heart ra te , speed of cyc l ing, pedalling 
ra te , and rat ing of perceived exertion (Table 2.1) were recorded. Saddle 
height was that preferred by each individual and was maintained during a l l 
experiments. Tyres were in f la ted to 35.3 kPa (= 3.5 atm). Temperature of 
the environment and wind veloci ty (mean of three l-minute measurements with 
a Flügelrad Anemometer (Wilh. Lambrecht, Göttingen) per experiment) were 
recorded. 
3.2.2.3 Calcul ation_of_del i yered_gower_and_meçham^ 
The power delivered during cycling at a certain speed was calculated accord-
ing to Whitt (1971): 
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(1) W = 0.278 R.v 
where W = delivered power (watt), R = total resistance (Ν) and ν = speed 
(km.h" ). The constant is a conversion factor. 
The total resistance to motion (R) is: 
(2) R = frictional resistance + rolling resistance + air resistance. 
The frictional losses in the bicycle are small and can be neglected (Whitt, 
1971), therefore: 
(3) R = rolling resistance (R ) + air resistance (R,)· 
Rolling resistance depends on road surface, total weight (of cyclist plus 
bicycle) and characteristics of the tyes, including inflation pressure. 
According to Whitt (1971) the rolling resistance during cycling on smooth 
hard concrete or macadamized roads on a bicycle with 26 inch (= 65 cm) 
wheels and 1 1/4 or 1 3/8 inch(= 3.1 or 3.4 cm) tyres inflated to a pres­
sure of 3.5 atm (= 35.3 kPa) is: 
(4) R
r
 = 0.0784.weight 
where R is r o l l i n g resistance (N) and weight is t o t a l weight of bicycle 
plus c y c l i s t (kg). 
Air resistance varies with the square of a i r veloci ty which, in calm con­
d i t i o n s , can be taken as the c y c l i s t ' s speed: 
(5) R = 0.0427.FA.v2 
a 2 
where R is air resistance (N), FA is frontal area of the cyclist (m ) and 
a
 -1 
ν is speed (km.h ). The constant is partly a conversion factor and partly 
a factor that depends on the shape of the cyclist, and has a value close 
to that of "square-ended" vehicles. 
In calculating air resistance it has been assumed that the frontal area (FA) 
is 25CZ of the total body surface in a touring cyclist (Whitt, 1971; Pugh, 
1974; see also 3.4.1.3). 
Combination of equations (1), (3), (4) and (5) shows that: 
(6) W = 0.0119.FA.v3 + 0.022.weight.ν 
2 
where W is deliverd power (watt), FA is frontal area (m ), ν is speed (km. 
h ) and weight is total weight of cyclist plus bicycle (kg). 
In calculating the delivered power (W) in this way the influence of wind 
resistance is neglected (see also 3.4.1.1). 
The gross mechanical efficiency was calculated from: 
(7) gross efficiency (fi)=- . 100 
È 
where W is delivered power (watt) and E is energy expenditure (watt). 
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The net efficiency is defined as:, 
(8) net efficiency {%) = ^ . 100 
v
 rest' 
where E is the total energy expenditure (in watt) and E . the energy ex­
penditure in rest (in uatt). 
For E
r e s t a value of 100 watt was used, which is equivalent to 0.28 1 Q?. 
m m " . Net efficiency, therefore, was calculated according to the following 
equation: 
(9) net efficiency {%) = —.— . 100 
(E - 100) 
The extra power needed for the vertical displacement of the cyclist during 
uphill cycling (^
 е г
+ 1 Саі ^
 h a s
 ^
e e n c a l c u l a t e d according to ,Jhitt and Wilson 
(1974): 
(10) -'vertTca! = 2.715.gradient.weight.ν 
where W . , is expressed in watt, the weight (= total weight of bicycle 
V e r t i c a l -i 
plus cyclist) in kg, and ν in km.h . The constant is a conversion factor. 
3.2.2.4 Analysis_of_the_data 
Energy expenditures have been expressed in watt, in watt.kg and in 'watt. 
m of body surface. Body surface was calculated from the DuBois height-
weight formula (in Carpenter, 1939). 
Different types of regression equations were derived for the relationship 
between energy expenditure (E) and speed (v) to assess the most appropriate 
2 ' 2 ' 
simple form for practical use: E = a + b v , E = a + b v + c v , E = a + b v + 
2 3 ' 3 
cv + dv , and E = av + bv . In order to establish which of the equations 
gave the best prediction of energy expenditure, correlation coefficients of 
the relationships between the energy expenditures predicted from the devel-
-1 ' -2 
oped equations (E (watt), E (watt.kg ). body weight, or E (watt.m ) . 
body surface) and the measured energy expenditures (in watt) were determined. 
Differences between the regression equations for different groups were test­
ed for significance at a number of speeds (10, 15, 20, 25, and 30 km.h ) 
by Student t-tests. The level of significance was chosen to be 0.05. 
Two-way analysis of variance was performed to examine the dependency on sex 
and age for a number of variables, like selected speeds, heart rates and 
rating of perceived exertion. 
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3.2.3 Design of the study 
3.2.3.1 Сус1ІП3.9П.5_1§УЁІ.С2§^ 
This part of the study was aimed at developing an equation for the predic­
tion of energy expenditure from the cycling speed. The experiments were car­
ried out on the oval concrete cycling track of a stadium. The length of one 
round was 440 m. Twenty subjects (men and women aged 20-30 and 50-60 years, 
further characteristics in Table 3.1.a) cycled each at five different speeds 
(each speed twice). The speeds were chosen as follows. The first three 
speeds were selected by the subjects themselves, when asked to cycle at 
their "normal" speed, "as slowly as possible", and "as fast as possible". 
To this last task the instruction was added to choose the speed in such a 
way that it could be maintained throughout the whole experiment (10-12 
minutes) without exhausting oneself. 
FIGURE 3.2 
Biayale types used in this study: a. touring ЪіауоЪе (Junaker Starfighter de 
Luxe); b. touring biayale (Gazelle Impala); a. sports biayale (Peugeot, 
8E41); d. collapsible bicycle (Batavus, Passan Twin). 
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TADLE 3.2 Characteristics of the different bicycle types 
Type weight wheel gear distance per 
(kg) diameter nr. pedal revolution 
(cm) (m) 
Touring bicycle 18.5 67 1 4.0 
(Junker, Starfighter 2 5.2 
de Luxe) 3 7.1 
Touring bicycle 18.5 67 2 5.0 
(Gazelle, Impala) 
Sports bicycle 16.0 70 2 5.1 
(Peugeot, 8E41) 5 7.2 
Collapsible bicycle 17.2 56 - 4.9 
(Batavus, Passan 
Twin) 
* Wheel diameter = wheel plus tyre. 
Then two more speeds were selected, one halfway between normal and fast, and 
the other one halfway between slow and normal speed. While cycling, the sub­
ject was able to check his speed by means of a tachometer attached to the 
handlebar Lap times were recorded regularly to check whether the speed was 
held constant. Jhen the same subject performed more than one experiment on 
a day, he rested about 30 minutes before starting the next. The bicycles 
used in the experiments were normal touring bicycles; a Juncker Starfighter 
de Luxe for the male subjects, and a Gazelle Impala for the female subjects 
(Figure 3.2; characteristics of the bicycles see Table 3.2). Both bicycles 
had a 3-speed hub-gear of which the second gear was used (see Table 3.2). 
The environmental temperature during the experiments varied between - I o and 
32 C, with a mean of 20 С The highest wind velocity measured was 196 
m.min , mean 84 m.min . Wind velocities were determined in the middle of 
the stadium. As a check on the validity of the equation derived from the 
results of the experiments mentioned above, the energy expenditure at two 
different speeds was determined in addition in a control group of 11 adults, 
6 men and 5 women of varying age (see Table 3.1.a). Temperature during this 
series of experiments varied between 3 and 23 C, with a mean of 160C. /Jind 




In order to study the influence of cycling on different types of bicycles 
used in recreational cycling, which vary in weight and wheel diameter, on 
the energy expenditures a normal bicycle (Juncker, Starfighter de Luxe), a 
lighter sports bicycle with wheels of a somewhat larger diameter (Peugeot, 
8E41), and a smal 1-wheeled, collapsible bicycle (Batavus, Passan Twin) were 
compared (Figure 3.2). Characteristics of these different types of bicycles 
are given in Table 3.2. 
In the same series of experiments the effect of different gear ratios 
on the energy expenditure was studied. First, second, and third gear of the 
touring bicycle's 3-speed hub-gear, and second and fifth gear of the sports 
bicycle's dérailleur (comparable to the second and third gear of the 3-speed 
hub-gear) were compared. Further details about the gear ratios used are 
given in Table 3.2. Seven subjects (6 men and 1 woman aged 20-30 years, 
characteristics in Table 3.1.b) rode on each of the three bicycle tvpes 
using each of the mentioned gear ratios at two different speeds. The exper-
iments were also performed on the oval cycling track (see 3 2.3.1). 
Outside temperatures varied between 7.5 С and 27 С (mean 18 C) and 
wind velocities between 22 and 151 m.rmn (mean 82 m.min ). 
3.2.3.3 Çyç] ing_in_traff ic 
Ten subjects (5 men and 5 women of varying age, characteristics in Table 
3.1.c) cycled two different routes in the city. Each route was covered 
twice. Most subjects were asked to ride at their own normal speed; some of 
the younger subjects were asked to cycle a little faster or more slowly to 
obtain more variation in the speeds. Route I (length 4.0 km) was located in 
a quiet part of the neighbourhood, included only right-hand turns and con-
tained three traffic lights of which one was out of work most of the time. 
Route II (length 3.8 km) ran through a busier part of the neighbourhood, 
included only left-hand turns and contained 7 traffic lights, of which 2 
were out of work during some of the experiments. Mean speeds were calculated 
by dividing the distance by the total riding time. For route II a corrected 
mean speed was calculated in addition by subtracting the time the subject 




distance/(total r id ing time - stop t ime)). The stop times on route I were 
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not recorded. All subjects rode the Gazelle Impala touring bicycle (Figure 
3.2) using the middle (2nd) gear of the hub-gear (Table 3.2). Outside tem-
peratures varied between 13° and 230C (mean 160C) and wind velocities be-
tween 10 and 186 m.min (mean 72 m.min" ). 
3.2.3.4 Ç^cling_ughi21 
Twelve subjects (6 men and 6 women, in the age categories of 20-30 and 50-
60 years, characteristics in Table 3.1.d) were studied while cycling uphill 
on a straight road. Two different hills with mean gradients of 2.23% (hill 
A) and 2.35% (hill B) respectively were climbed, each hill twice. Profiles 
of the hills are shown in Figure 3.3. 
All subjects rode the Gazelle Impala touring bicycle (Figure 3.2) using the 
middle (2nd) gear of the 3-speed hub-gear (Table 3.2). Most of the subjects 
were told to cycle at their own preferred speed, though some of the younger 
subjects were asked to cycle somewhat faster or more slowly when they climb-
шсгеаье in height ( m ) 
. 40 
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FIGURE 2.3 
Profiles of hill A and hill B. 
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ed the same hill the second time to obtain more variation in the speeds. 
Outside temperatures varied between 10 and 22 С (mean 15 C ) , and wind veloc­
ities between 10 and 201 m.min (mean 70 m.min ). The direction of the 
wind varied. 
3.3 RESULTS 
3.3.1 Cycling on a level road 
3.3.1.1 Energ^_exgendityre 
Energj expenditure per minute. Figure 3.4.a shows the results of the exper­
iments on the energy expenditure during cycling at different speeds on a 
concrete cycling track. 
Based on these results, different types of regression equations have been 
developed for the relationship between energy expenditure (E) and speed (v). 
3 Equation (6) in 3.2.2.3 indicates a relationship between E and ν . However, 
2 
since Pugh (1974) found a good relationship between E and ν , regression 
2 
equations with ν were developed too (Table 3.3). 
Both air resistance and rolling resistance, determining the power that has 
to be delivered to cycle at a certain speed, are a function of body size 
(air resistance of body surface, rolling resistance of body weight; equa­
tions (4) and (5), 3.2.2.3). Consequently a relationship between energy ex­
penditure and body weight and body surface was to be expected. Therefore, 
the energy expenditure was expressed in watt, in watt per kilogram of body 
weight, and in watt per square meter of body surface (Table 3.3). 
The best prediction (i.e. the equation with the smallest SD and highest 
correlation coefficient between predicted and measured values) is obtained 
2 ' -2 
with the equation E = a + bv + cv with E expressed in watt.m (Table 3.3), 
though the difference with other types of equations is small. Since liter­
ature data also showed the best prediction with the equation of the type 
2 E = a + bv + cv (see 3.4.1.1), we chose for this equation. Figure 3.4.b 
2 
shows the energy expenditure data expressed per m of body surface. 
2 -2 -1 
The regression equations (E = a + bv + cv , E in watt.m , ν in km.h ) 
for the different categories of subjects are shown in Figure 3.5. No sig­
nificant differences were found between the equations for the 20- to 30-49 
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,-l Energy expenditure during ayaling at different speeds (km.h } for men 20-
30 yr: o; men 50-60 yr: »; women 20-30 yr: Δ; women 50-60 yr: A. 
Energy expenditure in watt (a.) and in watt.m~^ (b.) 
year-old and the 50- to 60-year-old male subjects. The difference between 
the equations of the 20- to 30-year-old and the 50- to 60-year-old women 
was significant at 15 and 20 km.h , the older women using less energy than 
the younger ones (8-14%). The regression equation of the 20- to 30-year-
old women differed only at 10 km.h significantly from the equation of both 
categories of male subjects, the regression equation for the 50- to 60-year-
old women differed significantly over the whole range of speeds. Since no 
important differences were found between the two male age groups and the 
20- to 30-year-old women, it was concluded that the energy expenditure was 
50 
TABLE 3.3 Different types of regression equations for the relationship between energy expenditure (E) and speed of cycling 
(v, km.h ), their standard deviation (SD) and the correlation coefficients for the relationships between the 
-1 -2 
energy expenditures predicted from the different equations (E(watt), E(watt.kg J.body weight, or E(watt m ) 
body surface) and the measured values (in watt). 
È = a+bv2 
SD 
corr.coeff. 
E * a+bv+cv 
SD 
corr.coeff. 
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Regression equations for the relationship between energy expenditure (E, 
watt.nT ) and speed (Ό, km.h-*) during cycling.
 0 
о о men 20-30 yr: 
0 -# men 50-60 yr: 
Δ Д women 20-30 yr: 
A L women 50-60 yr: 
~~S1ZZZ total group 
E - 155 - 11. 3υ + 0.95 υ 
E = 71 - О.б + 0.62 ν 
E = 64 - 1.9υ + 0.72 υ 
Έ = 188 - 19.4υ + 1.22 υ 
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Energy expenditure (watt.m ] during cycling at different speeds (km.h ) 
for a control group (men о and women L·) in relation to the developed equa­
tion (Έ = 131 -9.8V + 0.92V2 + SD = 35). 
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not dependent on sex and age, but that probably the somewhat deviating values 
of the 50- to 60-year-old women were due to interindividual differences or 
the external conditions, rather than the result of sex and/or age. There-
2 ' -2 -1 fore one equation (E = 131 - 9.8v + 0.92v ; E in v/att.m , ν in km.h ) for 
the total group of subjects was developed (Figure 3.6). The results of a 
control group of 6 men and 5 women of varying age confirm this conclusion 
(Figure 3.6): 81% of these data fall within + SD of the regression equation 
derived for the total group of subjects of Figure 3.5, which means that no 
systematic differences exist between the control group and the experimental 
group. 
Energy expenditure per diatanae covered. In Figure 3.7 the energy expendi-
-2 -1 ture data expressed in kJ.m .km are plotted against the cycling speed. 
The regression equation fitted through these data (E = — - 35.3 + З.ЗІ ; 
-2 ,„-1 E in kJ.m .km , ν in km.h ) has a minimum at ν = 11.9 km.h •1 ìut, as can 
be seen in Figure 3.7, the energy expenditure is nearly constant for speeds 
between 10 and 20 km.h . 
3.3.1.2 Efficiency 
The power delivered by the subjects during cycling at the various speeds of 
Figure 3.4 has been calculated according to Whitt (1971), see equation (6), 
3.2.2.3. In Figure 3.8 the calculated power is plotted against the energy 
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-1 -2 Energy expenditure per distance covered (kJ.km .m ) during cycling at 
different speeds (km.h'1Ì for men 20-30 yr: o; men 50-60 yr: 0; women 20-30 
yr: Δ; women 50-60 yr: I. 
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-I Heart rates during ayaling at different speeds (km.h } for men 20-30 yr: 
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expenditure measured. From these data efficiencies can be calculated. The 
gross efficiency (equation (7), 3.2.2.3) varies between 10.5 and 17.5A. Net 
efficiency (equation (8), 3.2.2.3) has a value between 18.5 and 19.δ''». 
3.3.1.3 Heart_rate_and_rating_of_gerceived exertion 
Figure 3.9 shows the heart rates during cycling at different speeds. The 
scatter is large. Table 3.4 gives the mean speeds, and the mean heart rates 
and RPE scores recorded at those speeds that were selected by the four 
categories of subjects when asked to cycle at their "normal" speed or to 
cycle "as fast as possible" (3.2.3.1). Two-way analysis of variance was per­
formed to examine the effect of sex and age on these variables. The speeds 
selected during "normal" and "fast" cycling were both significantly affected 
üy age and sex, the 20- to 30-year-old subjects selecting higher speeds than 
the 50- to 60-year-old, and tne men cnoosing higher speeds than tiie women. 
Heart rates during "normal" speed cycling differ significantly between the 
age groups, but no effect of sex is apparent, .«hen neart rate is expressed 
TABLE 3.4 Mean and range of the speeds selected, neart rates (absolute 
values and as a percentage of tne predicted maximal neart rate), 
and RPE scores, when subjects were asked to cycle at their 
"normal" speeds or "as fast as possible". 
Selected speed Heart rate neart rate RPE score 
(km.h-1) (n.mirri) ι% of hr ) v
 ' \ ι \
 m a x
/ 
NORMAL SPEED 
men 20-30 yrs 22.2(20.7-24.9) 134(115-152) 68.6(59-78) 11.6(10-13) 
women 20-30 yrs 20.9(19.8-21.8) 145(105-163) 74.3(54-84) 11.4(10-14) 
men 50-60 yrs 20.0(18.7-22.8) 122(107-133) 73.6(65-81) 13.0( 13) 
women 50-60 yrs 17.7(16.0-19.6) 120(111-130) 72.6(67-79) 10.8( 9-13) 
AS FAST AS POSSIBLE 
men 20-30 yrs 28.3(26.1-32.1) 175(158-189) 89.6(81-97) 16.2(15-17) 
women 20-30 yrs 25.8(24.2-28.7) 178(169-193) 91.1(87-99) 14.8(14-16) 
men 50-60 yrs 24.4(19.4-27.5) 154(146-164) 93.3(88-99) 14.5(13-15) 
women 50-60 yrs 20.4(19.0-21.4) 133(125-143) 80.6(76-87) 12.8(11-15) 
* Predicted maximal heart rate for 20- to 30-year-old 195 beats.min , for 
50- to 60-year-old 165 beats.min" (Ästrand and Rodahl , 1977). 
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as percentage of the predicted age-related maximal heart rate, no age or sex 
dependent differences are found. In all categories mean heart rates just 
above 70% of the predicted maximal heart rate are reached. This means that 
the speeds chosen by the four categories as "normal" represent the same 
relative load. During "fast" cycling the heart rate is affected by age as 
well as sex, but also an interaction between the two factors is found. The 
mean heart rate in the group of 50- to 60-year-old women is lower than that 
in the other groups. The same is found when heart rate is expressed as a 
percentage of the predicted maximal heart rate. In the 50- to 60-year-old 
women it is 80.6%, in the other three categories it varies between 89.6% 
and 93.3%. In these categories the load during fast cycling is near maximum. 
The rating of perceived exertion (RPE score) during "normal"-speed 
cycling varies between "light" and "rather hard" (9-14) (Table 3.4) and does 
not differ between the sexes or age groups. During fast cycling the rating 
of perceived exertion varies between "rather hard" and "very hard" (RPE 
energy expediture ( w a t t n r 2 ) 
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FIGURE 3.10 
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Energy expenditure (watt.m ) during ayaling at different speeds (km.h ) 
on different types of biaycles and using different gear ratios oompared to 
the equation for ayaling on a touring ЪіауаЬе in 2nd gear (E - 131 - 9.8V 
+ 0.92vs SD = 36). Touring biayale: 1st gear 0, 2nd gear x, 3rd gear Δ; 
sports biayale: 2nd geart, Sth gear L; aollapsible biayale v. 
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score 13-17) and is affected by both age and sex, the men rating higher than 
the women, and the 20- to 30-year-old higher than the 50- to 60-year-old. 
No interaction between the factors age and sex is found. 
3.3.2 Cycling on different types of bicycles and using different gear ratios 
3.3.2.1 Energy_exgenditure 
Figure 3.10 shows the results of the experiments in which the energy ex-
penditure during cycling on different types of bicycles (touring, sports 
and small-wheeled, collapsible bicycle) and using different gear ratios was 
determined. In Figure 3.11 the relationship between the energy expenditure 
as predicted by the equation derived for cycling on the touring bicycle 
É measured (wat t - r r r 2 ) 
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tounng bicycle 
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FIGURE 2.11 
Relationship between measured and pvediated (E - 131 - 9.8υ + 0.92υ ) energy 
expenditure (watt.trf2) during oyoling on different types of bicycles and 
using different gear ratios. 
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2 ' -2 -1 
using the second gear (E = 131 - 9.8v + 0.92v , E in watt.m , ν in km.h , 
see 3.3.1.1) and the energy expenditure measured is shown. Only the energy 
expenditure during cycling in the first gear of the touring bicycle appears 
to be higher than the predicted energy expenditure for riding in second 
_1 _ 1 
gear. The difference is significant at speeds of 20 km.h J and 25 km.h 
and amounts to + 18% at a speed of 25 km.h . At lower speeds, 10 and 15 
-1 -1 
km.h , the difference is not significant. At speeds up to 25 km.h (E = 
-2 
460 watt.m ) no significant differences are found between riding in second 
gear on the touring bicycle and the other bicycle types and gear ratios. 
More data are needed to establish whether the energy expenditure during 
riding at speeds above 25 km.h differs for cycling on a touring bicycle 
in the third gear or on a sport bicycle in the fifth gear, in which the 
distance covered per pedal revolution are comparable (Table 3.2). 
3.3.2.2 Heart_rate_and_rating_of_gerceived_exertion 
In Figure 3.12 the heart rates during cycling on different types of bicycles 
180 -
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FIGURE 3.12 
-1 Heart rate during ayoling at different speeds (km.h ) on different types 
of bioyoles and using different gear ratios. Touring biayale: 1st gear o, 
2nd gear V
 3 3rd gear Δ; sports bieycle: 2nd gear*, 5th gear A; collapsible 
biayale 0. 
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and using different gear ratios are plotted against the cycling speed. The 
heart rates recorded are on the average somewhat lower than those in Figure 
3.9. The reason for this difference is probably that the subjects of the 
experiments in Figure 3.12 were on the average better trained cardiorespira­
tori ly than those in Figure 3.9. 
In Figure 3.13 the relationship between energy expenditure and heart rate 
is shown for the different types of bicycles and the different gear ratios 
for the individual subjects. Although more data will be needed to establish 
this with certainty, the relationship does not seem to be influenced by 
bicycle type or gear ratio. 
Figure 3.14 shows the relationship between cycling speed and rating of 
perceived exertion (RPE score). There does not seem to be a general trend 
heart rate ( η m i r r i ) 
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FIGURE 3.13 
-2 Relationship betueen energy expenditure (watt.m ) and heart rate during 
ayaling on different types of biayales and using different gear ratios for 
the 6 individual subjects. Touring biaycle: 1st gear o3 2nd gear! , 3rd 
gear Δ; sports biaycle: 2nd gear T, bth gear À; aollapsible biaycle ». 
59 
R P E s c o r e 






Τ J Τ N v B 








8 12 16 2 0 24 2 8 8 12 16 20 24 2 8 
FIGURE г. 14 
W L 
τ — ι — ι — ι — ι — ι — ι — ι — ι — r 
8 12 16 2 0 24 2 8 
s p e e d ( k m h ' 1 ) 
Relationship between speed (km.h ) and rating of perceived exertion (RPE 
score) during ayoling on different types of biaycles and using different 
gear ratios. Touring biayole: let gear o, 2nd gear 7, Zrd gear Δ; sports 
biayole: 2nd gear •, 5th gear L; collapsible bicycle ·. 
in the rating of perceived exertion with respect to the different bicycle 
types and gear ratios, though individual differences seem to occur. 
3.3.3 Cycling in traffic 
3.3.3.1 Ene^y.exoeoditure 
Figures 3.15.a and 3.15.b show the energy expenditure during cycling along 
two different routes in the city. Route I was quiet, route II was busier 
(see 3.2.3.3). On route I the time standing still because of traffic lights, 
etc, was not recorded but later observations showed that it was always less 
than 10% of the total riding time, with a mean of about 6%. On route II the 
time spent standing still varied between 6 and 20% of the time needed to 
cover the total distance, with a mean of 15%. 
Figure 3.15.a shows the regression equation derived for the relationship 
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FIGURE 3.15 
Relationship between energy expenditure (watt.m ) and speed (km.h ) during 
oyoling in traffia, compared to the equation developed for undisturbed 
ayaling (Έ =,131 - 9.8v + 0.92V2} for male о and female Δ subjects. 
a. Route Ι: Έ = - 70 + 10.bv + 0.52v?; b. 
1528 - 1Ctn 5" •* 7 n,,21 190.2V + 7,0v¿} and corrected mean speed (ν ) Φ, Ι (Έ 
39.2V+ 1.7v2. a o r r 
Route II: mean speed ο, Δ (E 
429 -
between energy expenditure and speed during cycling on route I and also the 
regression equation derived for undisturbed cycling on the cycling track of 
the stadium (see 3.3.1.1). The two regression equations differ significantly 
at speeds of 20 km.h' and 25 km.h , but not at lower speeds. The energy 
expenditure during cycling on route I is underestimated by 10 to 15% if the 
61 
energy expenditure is predicted with the equation derived for undisturbed 
cycling at constant speed using the mean cycling speed. Figure 3.15.b shows 
the regression equations for undisturbed cycling as well as for cycling on 
route II using mean speed and corrected mean speed (corrected for the time 
spent standing still, ν = distance/(total time - stop time), see 3.2. 
3.3). As may be seen, energy expenditure would be greatly underestimated by 
using the equation for undisturbed cycling. However, when the corrected 
mean speed is used, no significant difference is found between the resulting 
equation and that for undisturbed cycling. This means that energy expendi­
ture during cycling in traffic can be predicted adequately by means of the 
2 
equation derived for undisturbed cycling (E = 131 - 9.8v + 0.92v , E in 
-2 -1 
watt.m , ν in km.h ) provided that the mean speed is corrected for the 
time spent standing still. 
3.3.3.2 Heart_rate 
Figure 3.16 shows the mean heart rates recorded during cycling on the two 
routes. The heart rates of the subjects, who varied between 20 and 55 years 
of age (Table 3.1), are in the same range as those during cycling in the 
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Mean heart rates during ayoling at different speeds (km.h ) in traffic for 
male (ο, Φ) and female (b., k) subjects. Route Ι: ο, Δ; route II: ·, A 
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-2 
Energy expenditure (watt.m ) during uphill ayaling, compared to the equa­
tion for level ayoling (Έ = 131 - 9.8v + 0.92υ^) for men 20-30 yr: o; men 
SO-60 yr:n; women 20-30 yr: Δ; women 50-60 yr:V. Open symbols hill A 
(gradient 2,23%}3 closed symbols hill В (gradient 2.35%). 
stadium (Figure 3.9). There is no difference betueen the heart rates record­
ed on each of the routes. 
3.3.4 Uphill cycling 
3.3.4.1 Energ^exgenditure 
Figure 3.17 shows the energy expenditures during uphill cycling. Two differ­
ent hills with approximately the same slope (hill A 2.23% and hill В 2.35%), 
but with different profiles (Figure 3.3) were studied. The energy expendi­
ture was 2 to 3 times higher than during level cycling at the same speed. 
Climbing hill A costs ca 10% more energy than climbing hill В (Figure 3.17). 
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The extra power that has to be delivered for the vertical displacement dur­
ing climbing a hill (J,, . • , ) has been calculated according to Jhitt and 
э η \ vertical ' э 
Wilson (1974), equation (9) 3.2.2.3. From this value the extra energy cost 
for the vertical displacement (E 4.· η ) was calculated, assuming a net r
 ^ vertical' э 
efficiency of 23.6% (see 3.4.5). The total energy expenditure during uphill 
cycling (E
arafj.jpnt.) is equal to the sum of the energy expenditure for the 
horizontal displacement, predicted by E = 131 - 9.8v + 0.92v (E in watt. 
- 2 - 1 
m and ν in km.h , see 3.3.1.1), and the vertical displacement (E .. , ) . ; x K
 vertical' 
In Figure 3.18 the measured energy expenditure is plotted against the energy 
expenditure predicted in this way. For hill В there is good agreement be­
tween predicted and measured values (mean difference, (E predicted - E 
measured)/E measured, is +0.8X)-The predicted values for hill В are lower 
than the measured values (mean difference -12.1%). 
3.3.4.2 Heart_rate 
Figure 3.19 shows the highest heart rates recorded during uphill cycling. 
energy expenditure measured (watt • nrv2 ) 
200 400 600 800 
energy expenditure predicted ( w a t t m" 2 ) 
FIGURE 3.18 
-2 
Relationship between predioted and measured energ^ expenditure (watt.m ) 
during uphill cycling for men 20-30 yr: o; men 50-60 yr: •; women 20-30 yr: 
Δ; women 50-60 yr: V. Open symbols hill A, closed symbols hill B. 
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Highest heart rates reached during uphill Oijoling for men 20-30 yr: o; men 
50-60 yr: a; women 20-30 yr: Д; women 50-60 yr: v. Open symbols hill A, 
closed symbols hill B. 
The predicted maximal heart rate lies for the 20- to 30-year-old subjects 
between 190 and 200 beats per minute, and for the 50- to 60-year-old sub­
jects between 160 and 170 beats per minute (Ästrand and Rodahl, 1977). 
Therefore, the highest heart rates in many cases have been maximal or near 
maximal, especially in the older subjects (Figure 3.19). 
3.4 DISCUSSION 
3.4.1 Energy expenditure during cycling on a level road 
3.4.1.1 B§lEH9D§l]ÌB_between_energy_exgenditure_and_sgeed 
The equation for predicting energy expenditure. The best prediction of the 
energy expenditure during cycling (i.e. with the smallest SD and the highest 
correlation coefficient between predicted and measured values) is obtained 
2 from an equation of the general form E = a + bv + cv , though differences 
65 
with other types of equations are small (Table 3.3). .Jhen the different 
types of regression equations were fitted to the data of Hermans-Teluy and 
Binknorst (1974) on three touring cyclists, and to those of Pugh (1974) on 
six racing cyclists, in both cases the lowest SD was found for the equation 
2 3 
E = a + bv + cv too. Introducing ν into the equation did not reduce the 
scatter of the data any further (Table 3.3), though this might have been 
expected since the delivered power during cycling is partly a function of 
v
3
 (equation (6), 3.2.2.3). Pugh (1974) explained the fact that the energy 
expenditure in cycling increases approximately as the square and not as the 
cube of the speed by the varying contribution of rolling resistance and air 
resistance to the over-all resistance to motion at different speeds. 
Furthermore, the scatter of our data was reduced most when energy expendi­
ture was expressed in terms of body surface (Table 3.3). A relationship 
between energy expenditure and body surface was to be expected, especially 
at higher speeds where air resistance, which is a function of body surface 
(equation (5), 3.2.2.3), is the main factor determining energy expenditure 
(Whitt and Wilson, 1974). The correlation coefficients for the relation­
ships between predicted and measured values are somewhat higher when energy 
expenditure was expressed in terms of body weight, compared to just watt 
(Table 3.3). Rolling resistance during cycling is a function of total weight, 
of which body weight forms a large percentage (equation (4), 3.2.2.3). Pugh 
(1974) also found that the scatter of his data was reduced by expressing 
them in terms of body weight, though he does not mention by how much. He 
did not relate energy expenditure to body s face. Adams (1967) found high­
ly significant correlation coefficients for both the relationship between 
energy expenditure and body weight (r = 0.711), and energy expenditure and 
body surface (r = 0.685). 
Part of the variation in the energy expenditure data may be explained 
by intermdividual variations in energy expenditure. These may be the result 
of differences in posture, or in the ability to keep in balance and ride 
straight, and also of differences in the extra movements made, especially 
during fast cycling (pulling at the handlebars, movements of the trunk). 
Besides, the saddle heights which were preferred by the subjects (see 3.2. 
2.2) possibly were not always optimal, which causes a somewhat increased 
energy expenditure (Shennum and DeVries, 1976; Nordeen-Snyder, 1977). 
Another factor that probably has caused part of the scatter in the energy 
expenditure data is the wind velocity. Though the cycling track on which 
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the experiments were carried out was located inside a stadium, the influence 
of the wind was perceptible on many days. Pugh (1974) calculated that the 
energy expenditure during cycling in wind is higher when energy expenditure 
is averaged for runs in opposite directions than the energy expenditure at 
zero wind velocity. At a speed of 21 km.h the difference is 6% at a wind 
velocity of 120 m.min , and 242 at a wind velocity of 240 m.min" . The 
highest wind velocity determined during our experiments was 196 m.min 
(see 3.2.3.1). However, the wind velocity was measured in the middle of the 
stadium and probably was not representative for the actual wind resistance 
met on the cycling track, which was very variable because of the oval form 
of the stadium. Though the exact effect could not be calculated, it will be 
clear that the wind velocity may have influenced the energy expenditure. 
Influenae of sex and age. The differences in energy expenditure between the 
20- to 30-year-old and 50- to 60-year-old men and women are, though signif-
icant at certain speeds, not very large (3.3.1.1, Figure 3.5) and may relate 
more to interindividual differences and the small number of subjects per 
category than to differences due to sex and/or age. 
In the literature not many data on the influence of sex and age can be found. 
Adams (1967), who studied the energy expenditure of men and women between 
20 and 52 years of age during cycling at a speed of 15.9 km.h" , did not 
find a significant difference between the sexes or age groups when energy 
expenditure was expressed per kilogram body weight. Seabury and Adams (1976) 
did find significant differences between age and sex groups when energy ex-
penditure was expressed per kilogram body weight, but if energy expenditure 
was divided by total body surface the difference disappeared. Moreover, bi-
cycle ergometry results do not show an influence of sex or age on energy 
expenditure. Consequently, since both our data and literature data do not 
show important differences in energy expenditure due to sex or age, it does 
not seem necessary to distinguish between sexes or age groups when predict-
ing energy expenditure during cycling. Thus, one single equation may be used. 
Data from the literature.F iqure 3.20 shows, besides the equation derived in 
our study (see 3.3.1.1), data from a number of investigators who also stud-
ied energy expenditure during cycling. In Figure 3.20.a energy expenditure is 
expressed in terms of body surface, in Figure 3.20.b in terms of body weight 
to be able to compare our data with the results of authors who did not re-
late their energy expenditure data to body surface. 
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FIGURE 3.20 
Energy expenditure during ayaling at different speeds (km.h ) , Energy ex­
penditure in watt.rrT (a.) and in watt.kg~l (b.). Touring ayolists: Adams 
(1967)h; Edholm et al. (195S)a; Malhotra et al. (1962) V; Zuntz (1899) 
о—о; Úhitt (1971) Φ ·; Hermans-Teluy and Binkhorst (1974) A i; this 
study ш • . Racing cyalists: Uhitt (1971} Ύ ·• ; Pugh (1974) О 0 . 
It is clear from Figure 3.20 that the energy expenditure of racing 
cyclists, as predicted by Whitt (1971) and measured by Pugh (1974), is lower 
than that of touring cyclists, especially at high speeds. This was to be 
expected since the posture of a racing cyclist is more "dropped" and there­
fore air resistance is reduced (equation (5), 3.2.2.3). Because of the 
narrow tyres with a high inflation pressure and the light weight of the 
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racing bicycle rolling resistance will be reduced too (equation (4), 3.2.2.3). 
This implies that the total resistance is reduced in racing cyclists com­
pared to touring cyclists, so that they have to deliver less power to ride 
at a certain speed (equation (1), 3.2.2.3). The energy expenditure of the 
touring cyclist as predicted by «Jhitt (1971) is 10 to 20% lower than the 
values measured in this study (Figure 3.20). About the same difference is 
found between the measured energy expenditure of a racing cyclist by Pugh 
(1974) and that predicted by .Jhitt (1971) (Figure 3.20). A certain differ­
ence was to be expected since the calculations of .Jhitt do not take wind 
resistance into account (see 3.4.1.3). 
The energy expenditures measured by Hermans-Teluy and Binkhorst (1974), 
Edholm et al. (1955), Malhotra et al. (1962), and Adams (1967) fall in the 
range of the values predicted by Jhitt (1971) and those measured in our 
study. Zuntz, jho determined the energy expenditure during cycling at dif­
ferent speeds as early as 1899, found a somewhat higher energy expenditure 
for his subjects (Figure 3.20). 
In our experiments an extra load of 10 kg (gasmeter plus cassette 
recorder) was transported on the bicycle. The increase in rolling resistance 
caused by this extra load is 122 for an average subject with a body weight 
of 65 kg riding on a bicycle weighing 18.5 kg. T m s causes tne total resis­
tance to increase by 6A at a speed of 15 km.h and а Ы mgher energy ex­
penditure is needed to overcome this extra resistance. At 25 km.h the 
total resistance increases Ъ% and 3% more energy is needed than during cy­
cling without this extra load. 
ConalusTon. The energy expenditure of subjects between 20 and 60 years of 
age during cycling at speeds between 10 and 30 km.h can be predicted by 
means of the equation derived in this investigation: E = 131 - 9.8v + 
0.92V2; SD = 35 (É in watt.nf2, ν in km.h" 1). 
For practical purposes it will sometimes be more suitable to predict energy 
expenditure in terms of body weight or for the total body. Though the pre­
diction is somewhat less accurate, in these cases the equations E = 4.0 -
О.ЗЗ + 0.027V2 (E in watt.kg" 1), and É = 282 - 24.5v + 1.89v2, (E m watt) 
respectively, can be used (Table 3.3). 
It should be realized that considerable deviations may occur through 
the influence of wind. For instance: when the influence of wind velocity is 
taken into account, equation (5) of chapter 3.2.2.3 has to be changed into: 
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(11) R = 0.0427.FA.(ν + ν ), where ν is wind velocity in km.h" . Com-4
 ' a w w 
bimng equation (11) with equation (1), (3), (4), and (5) yields: (12) 
W = 0.0119.FA.v3 + 0.0119.FAv2.v + 0.022.weight.v. 
-1 w -1 -1 
At a speed of 20 km.h and a headwind of 14.4 km.h (= 240 m.min , force 
3 on the Beaufort scale) the power that has to be delivered is ca 40% high­
er than in calm air. 
3.4.1.2 Energy_exgenditure_9er_distance_covered 
The energy expenditure per distance covered is for speeds under 20 km.h 
almost independent of speed (3.3.1.1, Figure 3.7), though at very low speeds 
(< 10 km.h ) the energy expenditure increases somewhat. This is probably 
due to the fact that extra energy is required to keep in balance at these 
speeds. »Jhen the subjects were asked to cycle at their normal speed, they 
selected speeds between 16 and 25 km.h (Table 3.4). This means that many 
subjects adopted speeds above the optimal speed range where energy expendi­
ture per distance covered is minimal. 
3.4.1.3 Efficiency 
The net efficiency calculated from our experiments according to Whitt (1971) 
18.5 - 19.5% (3.3.1.2), is lower than that usually found for cycling on a 
bicycle ergometer (22 - 25%, dhitt (1971), Pugh (1974), Hermans-Teluy and 
Binkhorst (1974)). There are no clear reasons why the efficiency during out­
door cycling would be different from that during bicycle ergometry. There­
fore, our conclusion is that the mechanical power delivered during cycling 
is probably higher than calculated according to Whitt (1971) (equation (6), 
3.2.2.3). One of the reasons has already been mentioned (3.4.1.1), namely 
the fact that the influence of wind resistance has not been taken into 
account. Another factor that may have influenced the efficiency calculations 
is the assumption that the frontal area of a touring cyclist is 25% of m s 
total body surface (3.2.2.3). This assumption is based on the findings of 
Pugh (1974) that the frontal area of a racing cyclist who rides with his 
hands resting on top of the handlebars and with his arms straight is 0.24 m 
per square meter of body surface. Whitt (1971) assumes that a touring cyclist 
with a body weight of 66 kg has a frontal area of 0.5 m . The body surface 
of a man weighing 66 kg and of average length (175-180 cm) is approximately 
2 
1.8 m which means that Whitt assumes a frontal area of about 28% of the 
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total body surface for a touring cyclist. In our calculations of air re-
sistance a value of 25co of total body surface was used (3.2.2.3). When, 
instead, a higher value is used the calculated efficiency increases: for 
instance, when the frontal area is assumed to present one third of the total 
surface, a net efficiency of 23% is calculated. 
It is also possible that the constants for the shape and for the character-
istics of the tyres and road surface that Jhitt (1971) introduced (see 
3.2.2.3) are not exactly correct. 
3.4.2 Energy expenditure during cycling on different types of bicycles 
Differences in energy expenditure during riding on various types of bicycles 
may be due to differences in frictional resistance, air resistance or roll-
ing resistance (equation (1) and (2), 3.2.2.3). Frictional resistance in-
side the bicycles is small compared to the total resistance (Whitt, 1971), 
and therefore differences in frictional losses cannot be expected to affect 
energy expenditure considerably. Air resistance and rolling resistance, on 
the other hand, are dependent on the type of bicycle. 
Pugh (1974) showed that posture can influence air resistance to a great 
extent. Racing cyclists riding in fully dropped posture decreased their 
frontal area, and therefore air resistance, by 12% compared to riding in up-
right position with the hands on the handlebars and arms straight. All three 
bicycle types in our study had straight handlebars (Figure 3.2) and there-
fore posture probably did not vary much, though it is possible that the sub-
jects rode the collapsible bicycle in a somewhat more upright position than 
the other two bicycle types. However, at high speeds, where air resistance 
is most important, the cyclists crouched as much as possible on all three 
types of bicycles, and differences in posture, if any, will have been re-
duced. 
Rolling resistance during cycling is affected by wheel diameter, in-
flation pressure of the tyres, and weight of the bicycle plus rider (¿Jhitt, 
1971). Small wheels have a higher rolling resistance than large wheels. 
Whitt and Wilson (1974) mention that the speed of a bicycle with a wheel 
diameter of 41 cm is approximately 5% lower than that of a bicycle with a 
wheel diameter of 69 cm, when the same power is applied. These data refer 
to speeds of about 10 km.h , at higher speeds the difference decreases. 
The wheel diameters of the bicycles studied in our investigation were 56, 
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67, and 70 cm respectively (Table 3.2). This means that differences due to 
a difference in rolling resistance caused by wheel diameter probably have 
been small. The rolling resistance during cycling is also dependent on 
weight. The greatest difference in the weight of the bicycles was found be-
tween the sports bicycle and the touring bicycle, and was 2.5 kg (Table 3.2). 
The total weight of bicycle plus rider plus equipment varied for a person of 
50 kg between 76 kg on the sports bicycle and 78.5 kg on the touring bicycle 
(= 3.2%), and for a person of 90 kg between 116.0 kg and 118.5 kg (= 2.1%) 
(Table 3.2). The differences in rolling resistance due to differences in 
weight of the bicycles, therefore, are not large (see equation (6), 3.2.2.3). 
Tyre inflation pressure and tyre width were the same in the three bicycle 
types and should not have caused differences in rolling resistance. 
When comparing the sports bicycle with the touring bicycle, from the 
data mentioned above a somewhat lower rolling resistance due to the larger 
wheel diameter and the lighter weight might be expected, but the differences 
will be small (< 5%). The collapsible bicycle will have a larger rolling 
resistance than the touring bicycle because of its smaller wheels, but the 
difference will be reduced by its lower weight. Concluding, on theoretical 
grounds it may be expected that differences in air resistance and rolling 
resistance between sports bicycle, touring bicycle and collapsible bicycle 
will be small. 
The energy expenditure measurements in our study on the three bicycle 
types are in agreement with these theoretical expectations, since no signif-
icant differences were found (3.3.2.1, Figures 3.10, 3.11). Therefore, 
energy expenditure may be predicted by means of one equation for all three 
types of bicycles. However, if the differences between bicycle types are 
larger, as in the case of the "super" sports bicycle with dropped handle-
bars, narrow tyres and a lighter weight resembling a racing bicycle, which 
nowadays is used very commonly in recreational cycling and fitness training, 
substantial differences may be expected. The data of Pugh (1974) on the 
energy expenditure of racing cyclists and the predictions by Whitt (1971) 
point in this direction (Figure 3.20). The difference between the energy 
expenditure of a touring cyclist predicted from our equation and that found 
by Pugh (1974) for a racing cyclist is 67 at 15 km.h and increases to 46% 
at 30 km.h"1 (Figure 3.20). 
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3.4.3 Energy expenditure during cycling using different gear ratios 
Up till now the relationship between energy expenditure and gear ratio (or 
pedalling rate) has not been investigated during outdoor recreational cy-
cling. Yet it has been studied extensively during bicycle ergometry (e.g. 
Stegemann et al., 1968; Knuttgen et al., 1971; Pandolf and Noble, 1973; 
Stamford and Noble, 1974; Gaesser and Brooks, 1975; Von Schürch et al., 
1976; Seabury et al., 1977; Uolff,1978). Figure 3.21 shows the relationships 
energy expenditure (watt ) 




5 0 0 
work load and author 
β 326 8 w ( 1 ) 
β 245 1 w (1 ) 
β 196 1 w (1 ) 
122 6 w ( 1 ) 
4 0 8 w( 1) 
175 w ( 4 ) 
125 w ( 4 ) 
9 0 w(4) 
• 131 w ( 2 ) 
A 98 w (2) 
» 6 5 w ( 2 ) 
• 3 3 w ( 2 ) 
о 157 w ( 3 ) 
ν 6 0 7 5 w ( 5 ) 
~ 4 a 6 0 w ( 5 ) 
+ 20-40w( 5) 
4 0 80 120 
pedalling rate ( rpm ) 
FIGURE 3.22 
Relationship between energy expenditure (watt) and pedalling rate (rpm) at 
different work loads (watt) during biayale ergometry. 1. Seabury et al. 
(1977); 2. Gaesser and Brooks (197b); Z. Stamford and Noble (1974); 4. Pan­
dolf and Noble (1973); 5. Stegemann et al. (1968). 
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between pedalling rate and energy expenditure at different work loads as 
found by a number of these investigators. Most authors find an optimal 
pedalling rate for each work load at which energy expenditure is minimal. 
The optimal pedalling rate seems to increase with increasing work loads 
(Seabury et al., 1977; Wolff, 1978): at low work rates (50 watt) it is about 
40 rpm, while at higher work rates (200 watt) it increases to about 60 rpm. 
Seabury et al. (1977) noticed that during outdoor cycling experienced cy-
clists often chose pedalling rates of 90 rpm or higher. They suggested that 
this might reflect differences in the optimal pedalling rate between train-
ed and untrained cyclists. However, the optimal pedalling rates during bi-
cycle ergometry are the same for trained and untrained subjects (40-60 rpm) 
(Banister and Jackson, 1967; Stegemann et al., 1968; Von Schürch et al., 
1976). Therefore, it seems more likely that the preferred pedalling rates 
in most cases are indeed higher than the optimal pedalling rates, in bicycle 
ergometry as well as during outdoor cycling (Stegemann et al., 1968; Ulmer, 
1973; Von Schürch et al., 1976). This discrepancy is probably due to the 
fact that the preferred pedalling rate is not only dependent on the energy 
expenditure, but also on local muscle stress (Stegemann et al., 1968; 
Ldllgen et al., 1977; Cafarelli et al., 1977). At the relatively low optimal 
pedalling rates (40-60 rpm) larger forces have to be generated in the mus-
cles, which also have to be sustained longer, than at higher pedalling rates 
at the same work load. The pedalling rate that is preferred is probably de-
pendent on a compromise between the "central" and "local" stress (Cafarelli, 
1977). Other reasons why competitive cyclists choose high pedalling rates 
(90-100 rpm) may be that higher maximum work loads can be reached at these 
pedalling rates than at the most efficient rates (Von Schürch et al., 1976), 
or that tactical considerations play a role in competitive situations: only 
sufficiently small gear ratios make sudden accelerations possible (Ulmer, 
1973). 
If the relationship between energy expenditure and pedalling rate dur-
ing outdoor cycling is assumed to be the same as during bicycle ergometry, 
some predictions can be made about the influence of gear ratios on energy 
expenditure during recreational cycling. The data of Seabury et al. (1977), 
who conducted the most systematic study on the relationship between energy 
expenditure and pedalling rate on a bicycle ergometer (see Figure 3.21), 
were used to determine optimal pedalling rates. 
A net efficiency of 23.6% (Whitt, 1971) was used to determine the power 
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TABLE 3.5 Predicted energy expenditure (E, watt), predicted delivered 
power (W, watt), predicted optimal pedalling rate, and pedalling 
rates imposed by the three gears of the hub-gear of the touring 
bicycle at a number of cycling speeds (v, km.h ). E = 282 -
24.5V + 1.89V2 (see chapter 3.4.1.1); W = 0.236 (E - 100) 
(equation (9), chapter 3.2.2.3; see also text), optimal pedal-
ling rate according to Seabury et al. (1977), see text; pedal-
ling rates imposed by hub-gear see Table 3.2. 
speed predicted predicted predicted pedalling rate imposed by 
(km.h~ ) energy delivered optimal hub-gear (rpm) 
expenditure power pedalling 




































delivered at a certain energy expenditure (or speed). The net efficiency 
calculated in our study (18.5 - 19.5%) (3.3.1.2) was not used, because the 
delivered power calculated probably underestimated the actually delivered 
power (see 3.4.1.3). In Table 3.5 the optimal pedalling rates according to 
Seabury et al. (1977) and the pedalling rates imposed by the three gears of 
the hub-gear of the touring bicycle at different cycling speeds are given. 
From these data it may be expected that at very low speeds (< 10 km.h ) 
the first gear of the 3-speed hub-gear results in the most efficient pedal-
ling rates. At 15 km.h the second gear will be the most efficient of the 
three gears: the first gear imposes pedalling rates that are much higher 
than the predicted optimum; the difference between the third gear and the 
optimal rate is about the same as between the second gear and the optimal 
rate, but Figure 3.21 shows that energy expenditure probably increases more 
when the pedalling rate is lower than the optimum than when it is higher. 
From 20 km.h onwards the third gear results in the most efficient pedal-
ling rates, the first gear being the most inefficient. 
Our data confirm the expectation that cycling in the first gear is less 
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efficient than in the second or third gear, though the difference in energy 
expenditure reaches only a significant level (p < 0.05) at speeds of about 
20 km.h"1 and higher (3.3.2.1, Figures 3.10 and 3.11). Usually touring 
cyclists do not use the first gear during cycling on a level road, and es­
pecially not at such high speeds Therefore, this difference does not have 
much practical importance. Not enough data were collected (especially at 
higher speeds) to be able to establish whether cycling in third gear (or 
fifth gear of the sports bicycle which imposes a comparable pedalling rate, 
Table 3.2) costs less energy than cycling in the second gear, as expected 
from Table 3.5 (3.3.2.1, Figure 3 11). However, if differences occur tney 
are not expected to be very large at the normal touring speeds between 20 
and 30 km.h"1 (5-12%, see Figure 3.21; 
3.4.4 Energy expenditure during cycling in traffic 
Our data s'iow tnat the energy expenditure during cycling in normal traffic 
may be predicted adequately from the equation developed for undisturbed 
cycling, if t,ie mean cycling speed is corrected for stop times (3.3.3.1, 
Figure 3.14.b). This means tnat it is possible to predict the energy ex­
penditure during cycling in everyday life or as a training activity, as long 
as distance, total riding time and total stop time are recorded, jhen stop 
time is not recorded and the uncorrected mean speed is used the energy ex­
penditure will be underestimated, because the mean speed is lower than the 
actual cycling speed. How much it will be underestimated depends on the 
percentage of time stopped (3 3 3.1). 
3.4.5 Energy expenditure during uphill cycling 
The energy expenditure during the climbing of hill A and ti was 2 to 3 times 
higher than during level cycling at the same speed (Figure 3.17), even 
though the slope of botn mils was only just over 2%. 
The energy expenditure during the climbing of hill A was ca 10* higher than 
on hill ii (3.3.4.1, Figure 3.17), even though the mean gradient of hill A 
was a little less than that of hill ύ (2.23c and 2.35» respectively). There 
may be two reasons for this fact The first is that the road on hill В was 
a smooth asphalt-paved road, wnereas that on hill A consisted of concrete 
plates not fitting too well. This may have caused an increased rolling 
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resistance and therefore a higher energy expenditure (see 3.2.2.3). 
The second reason is that the slope of hill A was very constant, whereas 
that of hill В was more variable (Figure 3.3). Therefore, it may be ex­
pected that the steeper parts of hill В have been climbed with a lower speed 
than the less steep parts. Depending on the actual slopes of the different 
parts of the hill and the speeds on these parts, the energy expenditure may 
deviate more or less from that on a hill with a constant slope. To calcu­
late the energy cost of the vertical displacement during uphill cycling a 
net efficiency of 23.6^, assumed by fJhitt (1971) for outdoor cycling, was 
used (3.3.4.1). Net efficiency and not gross efficiency was used, since 
already in the horizontal component of the energy expenditure (E,
 v
i > see 
3.3.4.1) the resting energy expenditure was included. 
The predicted energy expenditure for cycling against hill В agrees very well 
with the measured values, the predicted values for hill A are on the average 
12» too low (3.3.4.1, Figure 3.18). This indicates that the difference in 
energy expenditure during the climbing of hill A and hill В is more likely 
to be due to differences in the pavement than to differences in slope. 
In conclusion it may be stated that our data show that it is possible to 
estimate the energy expenditure during cycling against a hill with reason­
able accuracy with the following equation (3.3.4.1): 
г / 4.4. "2\ ni η π , η m 2 , 271.5. gradient.ν E , (watt.m ) = 131 - 9.8v + 0.92v + —
τ
— / . ¿ 3 , , ζ gradient v ' net eff.body surface 
-1 -2 
where ν in km.h , body surface in m and net efficiency is 23.6U. 
3.4.6 Heart rate during cycling and the training stimulus for the cardio­
respiratory system 
During "normal"-speed cycling (mean speed 20.2 km.h ) a mean heart rate of 
130 beats per minute was reached, and during fast cycling (mean speed 24.7 
km.h ) a mean value of 160 beats per minute was found (Table 3.4). These 
values agree quite well with those found by Kriel et al. (1976), who also 
asked their subjects, men and women between 27 and 41 years of age, to cycle 
a certain distance at their normal speed and as fast as possible. In their 
experiments the mean heart rate during normal-speed cycling (mean speed 
20.2 km.h ) was 130 beats per minute, the same as in our study. During fast 
cycling the mean speed was 25.9 km.h and the mean heart rate 167 beats per 
minute. The somewhat lower values for fast cycling in our study are mainly 
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the result of the relatively low speeds and neart rates (also as percentage 
of the maximal heart rate) found in the group of 50- to 60-year-old women 
(Table 3.4, 3.3.1.3). 
During fast cycling all our subjects reached heart rates above 75» 
of their predicted maximal heart rate, which implies that they all reached 
heart rates exceeding the minimum value required for a training effect on 
the cardiorespiratory system (70Ό of the maximal heart rate, see 1.1.2.1). 
Even at "normal" cycling speeds 65» of the subjects reached heart rates ex­
ceeding this minimum. However, it is possible that some of the subjects 
"exaggerated" their normal speed, since heart rates over 150 beats per minute 
were recorded during "normal"-speed cycling (Table 3.4). 
The speeds adopted during "normal"-speed cycling in traffic by 10 other sub­
jects between 20 and 55 years of age fall in tne same range (17-21 km.h , 
Figure 3.16) as those adopted on the cycling track (Table 3.4). The heart 
rates reached at these speeds varied between 110 and 150 beats per minute 
(Figure 3.16), which is also comparable to those during "normal " cycling on 
the cycling track (Table 3.4). Tnerefore, cycling may, even at "normal" 
speeds, represent an adequate stimulus to improve cardiorespiratory fitness. 
The heart rates during cycling up the two hills reached almost maximal 
values in many of the subjects (Figure 3.19), even though they were asked to 
cycle at the speed they found most comfortable. Cycling in a hilly country­
side, where the slopes often will be steeper than those investigated in this 
study, thus may impose a very high physiological load on the body. Using the 
lower gear of the hub-gear during uphill cycling probably will not affect 
the energy expenditure and heart rate to a large extent, but may lower the 
local muscular stress (3.4.3). 
3.4.7 Rating of perceived exertion during cycling 
During "normal"-speed cycling no age or sex differences in the rating of 
perceived exertion were found (3.3.1.3, Table 3.4), which is in agreement 
with the fact that there were also no significant differences in the heart 
rates, expressed as percentage of the predicted maximal heart rate, which 
tne RPE score is supposed to reflect (5.1.3). This means that the four 
categories of subjects adopted speeds during "normal"-speed cycling which 
represented objectively („ of the maximal heart rate) and subjectively 
(RPE score) the same load. 
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The differences τη RPE score between the sexes and age categories found 
during "fast" cycling agree with the differences in heart rate (as per­
centage of the maximal heart rate J between these groups. The 50- to 60-
year-old female subjects chose on the average a lower relative work load 
(% of the maximal heart rate) than the three other categories, but they 
also experienced it as less hard (Table 3.4). The same tendency was also 
found during "fast" walking (see 2.3.1.3). 
3.5 SUMMARY 
The physiological load (energy expenditure and heart rate) during outdoor 
cycling on a touring bicycle has been studied in 20 untrained subjects, men 
and women aged 20 to 30 and 50 to 60 years. 
No important differences in energy expenditure between the sexes and 
age groups were found and one equation for the prediction of energy expendi­
ture from the cycling speed has been developed: 
E (watt.m"2) = 131 - 9.8v + 0.92v2 (km.h"1) SD = 35; 8 km.h"1 < ν < 32 
km. h . 
Although the best prediction is obtained when the energy expenditure is ex­
pressed per square meter of body surface, it may also be expressed per kg of 
body weight: E (watt.kg"1) = 4.0 - О.ЗЗ + 0.027v2 (km.h"1) SD = 1.2. 
The energy expenditure during cycling on a sports bicycle and a small-
wheeled collapsible bicycle is the same as on the touring bicycle in the in­
vestigated range of speeds (10-30 km.h ). Cycling in the first gear of the 
3-speed hub-gear of the touring bicycle costs more energy than cycling in 
the second or third gear. Up to 25 km.h no differences in energy expendi­
ture between riding in the second or third gear were found. 
The energy expenditure during cycling in traffic may be predicted ade­
quately from the developed equation when the mean cycling speed is correct­
ed for stop times. It is also possible to estimate the energy expenditure 
during uphil1 cycling. 
Heart rates during "fast" cycling (20-28 km.h ) reached values suffi­
ciently high (> 70¿ hr ) to produce a training effect on the cardiorespi-
ΠΙαΧ 1 
ratory system and even during "normal "-speed cycling (18-22 km.h ) many 
subjects reached values which are adequate in this respect. 
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The energy expenditure during running on a treadmill has been studied by a 
great number of investigators over the past decades. They found a linear 
relationship between energy expenditure and the speed of running and devel-
oped equations for the prediction of energy expenditure (Margaría et al., 
1963; Costili and Fox, 1969; Pugh, 1970; Van der Jalt and Wyndham, 1973; 
McMiken and Daniels, 1976; Bransford and Howley, 1977). Pugh (1970) and Mc-
Miken and Daniels (1976) also studied the energy expenditure during track 
running. McMiken and Daniels (1976) found the same linear relationship be-
tween energy expenditure and speed for track and treadmill running. Pugh 
also found a linear relationship for treadmill running, but a curvilinear 
relationship for track running. The energy expenditure during track running 
was higher than during treadmill running. 
Subjects in almost all investigations have been well trained young male 
athletes. The energy expenditure of trained runners is probably lower than 
that of untrained subjects (Margaría et al., 1963; Bransford and Howley, 
1977). The influence of age on the energy expenditure during running has not 
been studied to our knowledge and the influence of sex is not very clear. 
Falls and Humphrey (1974) compared the energy expenditure of female sub-
jects with predicted values for male subjects from other investigations and 
concluded that there were no important differences between the sexes. Brans-
ford and Howley (1977), on the other hand, showed that their female subjects 
had a higher energy expenditure than their male subjects. 
Since we were interested in running as a recreational activity (jogging), 
in relation to training programs for the improvement of physical fitness, 
we wanted to be able to predict the energy expenditure of untrained or mod-
erately trained men and women of varying age during outdoor running with 
different speeds. None of the studies mentioned above takes this combination 
into account. Therefore, we set up a series of experiments to try to develop 
an equation for this category of subjects. 
Heart rate during running was recorded to obtain an impression about 
the effectiveness of running as a training stimulus for the cardiorespira-
tory system. Information about the subjective load of running with differ-
ent speeds was obtained by the rating of perceived exertion. 
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4.2 SUBJECTS AND METHODS 
4.2.1 Subjects 
Subjects were 22 healthy men and women between 20 and 40 years of age. An 
age limit of 40 years was chosen because of the increasing risk for injuries, 
especially of the legs, in advanced ages. Characteristics of the subjects 
are given in Table 4.1. About half of tne subjects participated regularly 
in some kind of sports activity, but only one subject was to be regarded as 
well trained in running. 






























ж height with shoes on; ** weight including the clothes the subjects wore 
during the experiments. 
4.2.2 Methods 
4.2.2.1 De termi na t i on_ of _energy expenditure 
Expiratory air during steady state running (at least 6 minutes after tne 
start) was collected in a Douglas bag that was carried on tne back by tne 
investigator jho cycled next to the subject (Figure 4.1). The expiratory 
volume in the Douglas bag was determined by means of a wet precision gas-
meter (Meterfabriek Dordrecht, type no. 5), and the 0 ? fraction in the ex­
piratory air by means of a Taylor Servomex 0 ? analyzer (type 0A 272). Cal­
culation of the energy expenditure from these data was carried out accord­
ing to the method of .jeir (1949), as described in 2.2.2.1. 
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FIGURE 4.1 
Experimental set-up during the running experiments. 
4.2.2.2 Determination_of_heart_rate 
Heart rate during running was recorded electrocardiograpnically by means of 
a cardiomodulator/demodulator (Philips, XM 4600) on a cassette recorder 
(Uher, type CR 210). This equipment was mounted on tne rear carrier of the 
bicycle (Figure 4.1). Later the tape was replayed and tne heart rate record­
ed on a Servogor recorder by means of a cardiotacnometer (built by Dr. F. 
Smolders). From this registration the mean neart rate during the filling of 
the Douglas bag was determined. 
4.2.2.3 Other_garameters (step frequency, rating of perceived exertion, 
environmental conditions) 
Other parameters recorded were speed of running, step frequency, and rating 
of perceived exertion (see Table 2.1). In addition temperature and wind 
velocity were recorded. Temperatures varied between 4.5 and 21 С (mean 13 
C) , and wind velocity between 7 and 201 m.min (mean 92 m.min ) (mean 
of three 1-minute determinations per experiment). 
4.2.2.4 Analysis_of_the_data 
-1 -? 
Energy expenditures were expressed in watt, in watt.kg , and in watt.m 
of body surface. 
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Different types of regression equations were developed for tne relationship 
2 
bet ieen energy e x p e n d i t u r e (E) and speed ( v ) : E = a + ov, E = a + JV , and 
2 
E = a + bv + cv . The best equation for the prediction of energy expenditure 
was determined as described in 3.2.2.4. 
Differences between regression equations for the different categories of 
subjects viere analyzed as described in 2.2.2.4. 
Two-way analysis of variance was performed to examine the dependency on sex 
and age for a nunber of variables, like selected speeds, heart rates and 
rating of perceived exertion. 
The level of significance for all tests was chosen to be 0.05. 
4.2.3 Design of the study 
The running experiments were carried out in a park, on unpaved roads. They 
consisted of firm sand, partly covered with gravel or dead leaves. Each sub­
ject ran at three different speeds. The first time ne was asked to run at 
his "normal", most comfortable speed, the second and third time to run 
"slowly" or "fast". Most subjects did the three experiments on tnree differ­
ent days. Some of the subjects performed two experiments on the same day. 
In that case, they rested at least 30 minutes between the two experiments. 
4.3 RESULTS 
4.3.1 Energy expenditure during running 
η rgj exie^di-Lure per mtrute. Figure 4.2.a shows tne energy expenditure 
(in wattj during running at different speeds, liased on tnese data different 
2 ' 2 
types of regression equations (E = a + bv, E = a + b v , E = a + b v + c v j 
have been derived while E has been expressed in watt, in watt per kilogram 
of body weight, and in watt per square meter of body surface. The equations 
are presented in Table 4.2. 
The best way to express energy expenditure appears to be in terms of body 
weight (highest correlation coefficients for the relationship between pre­
dicted and measured values), but the difference with E in /att per body 
surface is small (Table 4.2). It also does not make much difference which 
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of the three types of regression equations is used (Table 4.2). Therefore, 
we chose the simplest and most easily applicable type of equation, i.e. 
E = a + bv (E in watt.kg , ν in km.h ). Figure 4.2.b shows the energy 
expenditure data expressed in terms of body weight. In Figure 4.3 the re­
gression equations (E = a + bv) for the different categories of subjects, 
based on the data in Figure 4.2.b, are shown. 
energy expedí ture (watt ) 
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FIGURE 4.2 
-1 Energy expenditvœe during running at different speeds (km.h ) for men 20-
29 yr: o; men 30-39 yr: · ; women 20-29 yr: Δ; women 30-39 yr: Á. Energy 
expenditure in watt (a.) and in watt.kg~l (b.). 
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TABLE 4.2 Different types of regression equations for the relationship between energy expenditure (E) and speed (v, km.h ) 
during running, their standard deviations (SD), and the correlation coefficients for the relationships between 
-1 ' -2 
the energy expenditures predicted from the different equations (E(watt), E(watt.kg ).body weight, or E(watt.m ). 
body surface) and the measured values (in watt). 
E = a+bv 
SD 
corr.coeff. 




E = a+bv+cv 
SD 
corr.coeff. 
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FIGURE 4. S 
Regression equations for the relationship between energy expenditure (E, 
watt.kg~^) and speed (v, hn.hT^) during running: 
20-29 yr: E = -0.2 + 1.24V SD = 1.0 
0.3 + 1.19V SD - 1.0 
5.8 + 0.92V SD = 1.0 
women 30-39 yr: 
men 
men 30-39 yr: 
women 20-29 yr: E 
E = 3.6 + 0.86V SD = 0.9 
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FIGURE 4.4 
Energy expenditure per distance covered (kJ.km .kg ) during running at 
different speeds (km.n~l) for men 20-29 yr: o; men 30-39 yr: · ; women 20-
29 yr: Δ; women 30-39 yr: i . 
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The only two equations that differed significantly from one another are 
those for the women aged 20-29 and the women aged 30-39. Since no other 
differences were found, one equation for the total group of subjects was 
developed: E (watt.kg'1) = 1.7 + 1.09v (km.h"1); SD = 1.0. 
Energy expenditure per distance covered. In Figure 4.4 the energy expendi­
ture per kilometer at different running speeds is shown. At speeds from 10 
to 16 km.h the energy expenditure per kilometer is almost independent of 
speed. At lower speeds the energy expenditure increases, which means that 
running at speeds under 10 km.h becomes less "efficient". 
4.3.2 Step length and step frequency 
Figure 4.5 s.iows the ratio step length/step frequency at different running 
speeds. The ratio increases with increasing speed because the higher speeds 
are reached mainly by increasing step length. The interindividual variation 
is large. The mean ratio step length/step frequency for the female subjects 
is lower than that for the male subjects, which means that women in general 
take shorter steps at a certain speed than men (Figure 4.5). Figure 4.6 
shows that this difference disappears when step length is related to height, 
step length 
stepfrequency (cm mm ) 
0 6 
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І - ' 
10 12 14 16 
speed ( km- h" 1 ) 
Figure 4,6 
Ratio step length/step frequency at different running speeds (km.h ) for 
men 20-29 yr: o; men 30-39 yr: #; women 20-29 yr: Δ; women 30-39 yr: A. 
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FIGURE 4.6 
Ratio step length/height at different running speeds (km.h ) for men 20-
29 yr: o; men 30-29 yr: · ; women 20-29 yr: Л; women 30-39 yr: A. 
4.3.3 Heart rate and rat ing of perceived exertion 
heart rate ( η min-1 ) 
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FIGURE 4.7 
2 Heart rates during running at different speeds (km.h ) for men 20-29 yr: 
o; men 30-39 yr: #; women 20-29 yr: Δ; women 30-39 yr: A. 
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TABLE 4.3 Mean and range of speeds selected, heart rate, and RPE score 
when subjects were asked to run at their "normal" speed or to 
run "fast". 
selected speed heart rate heart rate RPE score 
(km.h"1) (n.min"1) {% hr 
max' 
NORMAL SPEED 
men 20-29 yr 13.1(10.9-14.5) 176(161-190) 90.1(83-97) 13.4(12-16) 
women 20-29 yr 10.2( 7.6-11.3) 171(164-178) 87.9(84-91) 12.8(12-14) 
men 30-39 yr 13.5(11.9-14.9) 176(157-191) 95.2(85-103) 12.2(11-15) 
women 30-39 yr 10.4( 9.4-11.7) 172(155-183) 92.9(84-99) 12.2(11-15) 
FAST SPEED 
men 20-29 yr 14.9(14.7-15.5) 187(175-206) 95.9(90-106) 14.8(12-17) 
women 20-29 yr 12.6(11.0-14.2) 185(170-197) 94.7(87-101) 15.2(12-17) 
men 30-39 yr 15.0(14.0-15.9) 185(178-192) 99.7(96-104) 15.3(13-18) 
women 30-39 yr 11.6(10.8-12.3) 175(160-185) 94.4(86-100) 13.8(13-15) 
χ predicted maximal heart rate for 20- to 29-year-old subjects 195 beats per 
minute and for the 30- to 39-year-old 185 beats per minute (Astrand and 
Rodahl, 1977). 
Figure 4.7 shows the heart rates recorded during running at different speeds. 
The scatter is large, but in almost all subjects heart rate exceeded 140 
beats per minute at any speed ("slowly" up to "fast"). Table 4.3 gives the 
speeds that were selected by the subjects when they were asked to run at 
their "normal" speed, or to run "fast". Heart rates recorded during these 
speeds and RPE scores are presented as well. Two-way analysis of variance 
was performed to examine the dependency on sex and age for these parameters. 
Only the speeds selected during "normal" and "fast" running were signifi­
cantly affected by sex, the women adopting lower speeds than the men. No 
effect of age was found on any of the parameters. 
The subjective load during "normal"-speed running was "rather hard" 
(13), during "fast" running "hard" (15). 
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4.4 DISCUSSION 
4.4.1 Energy expenditure during running 
4.4.1.1 BËl§tl9Q!blP-^§ty§§D-§0§C2iL§iB§Di!lîy!rë_Ê!]ÇL§P§§ii 
Cavagna et al. (1976) and Cavagna and Kaneko (1977) showed that the internal 
(acceleration of the limbs relative to the trunk) and external (acceleration 
and lifting of the centre of mass at each step) mechanical work are the pre-
dominant factors in determining energy expenditure during running, and both 
are related to body weight. This agrees with the finding in our study that 
the scatter of the energy expenditure data was reduced when they were ex-
pressed in terms of body weight (4.3.1). 
The scatter was also reduced when energy expenditure was expressed in terms 
of body surface (4.3.1, Table 4.2). A relationship with body surface might 
be expected because the runner has to overcome air resistance, which is a 
function of body surface (Hill, 1928; Pugh, 1971, 1974). However, Pugh (1971) 
showed that the energy expenditure needed to overcome air resistance at a 
running speed of 21 km.h is only 7.5% of the total energy expenditure. 
At lower speeds the influence of air resistance, which is a function of the 
square of speed (Hill, 1928; Pugh, 1971), will be even smaller. Consequently, 
the air resistance will not affect the energy expenditure substantially in 
the range of speeds investigated in our study (7-16 km.h ). .Jind resistance, 
which is also a function of body surface, may have influenced the energy ex-
penditure during running. Though the effect of wind was not determined, it 
was not considered very large since the running track was sheltered from the 
wind by trees. 
Cavagna and Kaneko (1977) found that the total mechanical work, ι e. the sum 
of internal and external mechanical work performed, during running on a 
treadmill (which excludes the influence of air and wind resistance) is a 
function of the square of speed. This suggests a curvilinear relationship 
between energy expenditure and speed. In the range of speeds investigated 
in our study (7-16 km.h ) the relationship they found is almost linear. 
Since the influence of air resistance is also small at these speeds (Pugh, 
1971) an almost linear relationship may be expected for outdoor running too. 
In agreement with this fact, we found that the standard deviations of the 
linear and curvilinear regression equations for the relationship between 
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energy expenditure and speed fitted to our data v/ere equal (4.3.1, Table 
4.2). 
Mdlnken and Daniels (1976) also found a linear relationship between energy 
expenditure and speed during track running for speeds up to 15.6 km.h 
Pugh (1970), who studied speeds of up to 21 km.h , did find a curvilinear 
relationship between energy expenditure and speed, but he states that it 
could still be adequately described by a straight line. The deviations from 
the straight line at high speeds are probably caused by the influence of air 
resistance, since the relationship remained linear up to 21 km.h in tread-
mill running (Pugh, 1970). Van der Walt and .Jyndham (1973) published an 
equation for the prediction of energy expenditure during running which con-
tained the square of the speed as the only variable, but they remarked that 
the variance did not increase when the square of speed was replaced by the 
speed. 
From these results it may be concluded that the relationship between energy 
expenditure and speed during running outdoors can be described adequately 
by a straight line up to speeds of 21 km.h . 
Influence of sex and aje. The influence of sex on the energy expenditure 
during running has not been extensively studied. Falls and Humphrey (1976) 
were the first to study running in female subjects. They compared the energy 
expenditure of their female subjects with the energy expenditure predicted 
by means of equations developed by a number of authors for male subjects. 
They concluded that there was no difference in energy expenditure between 
men and women. Then Bransford and Howley (1977) published the results of an 
investigation in which they compared the energy expenditure of male and 
female subjects. They found that the women used more energy than the men. 
They suggested that this might be due to differences in the mechanics of 
running between the sexes, the women displacing their bodies vertically 
much more than the men. This was also suggested by Falls and Humphrey (1976) 
who calculated that women perform more lift work than men despite their 
shorter step length. However, the effect on the energy expenditure was cal-
culated to be small, not resulting in significant differences in energy 
expenditure between the sexes. In our study no significant differences in 
the energy expenditure of the male and female subjects were found (4.3.1; 
Figure 4.3), which is in agreement with Falls and Humphrey's (1976) conclu-
sion. Therefore it does not seem necessary to distinguish between the sexes 
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TABLE 4.4 Regression equations for the relationship between energy expenditure 
(v, in km.h" ) during running by a number of authors. 







Margarla et al (1963) 
Costili and Fox (1969) 
Pugh (1970) 
Van der Walt and 
Wyndham (1973)» 
Equation 
È = 0.1+1.16V 
E = -1.8+1.16v 
Ë = -1.4+1.25V 
E - 1.4+1.02V 








































5. McMiken and Daniels (1976) E = 1.8+0.98v 
6. Bransford and Howley (1977) É = -0.2+1.17v 
È = 3.7+0.86V 
É = -1.2+1.16v 
E = 1.2+1.04V 
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7. this study E = 1.7+1.09V 7-16 track 22 20-39 M+F untrained 
calculated for a subject weighing 69.2 kg, the mean weight of the subjects in our study. 
when predicting the energy expenditure during running. 
To our knowledge the influence of age on the energy expenditure during 
running has no1 been studied at all. It is possible that the mechanics of 
running change in older people, thereby causing a change in energy expendi-
ture. We did not investigate the energy expenditure in higher age groups, 
like in the studies on walking and cycling (chapter 2 and 3 ) , since we 
thought the risk of injuries especially of the legs was too high for people 
over 40 years of age who were untrained in running. We did not find differ-
ences in energy expenditure between the two male age groups studied (20-29 
years and 30-39 years) but the equations for the two female age groups 
differed significantly (4.3.1, Figure 4.3) However, these differences were 
small and may reflect interindividual differences rather than age-dependent 
differences. 
equation's from tne l„ti rature. Table 4.4 gives the regression equations 
developed by a number of investigators for the relationship between energy 
expenditure and speed during running. 
Figure 4.8 shows the graphical representations of these equations. No equa-
tions were available for untrained men and women of different ages running 
on a track (see 4.1). The energy expenditure predicted with the equation 
developed in our study (line 7, Figure 4.8) agrees best with that predicted 
by Van der Jalt and Wyndham's equation (line 4, Figure 4.8), and that for 
untrained women by Bransford and Howley (1977) (line 6b, Figure 4.8). The 
subjects in our study and those in the investigation of Van der Walt and 
Wyndham (1973) were untrained too. Trained subjects show, in general, a 
lower energy expenditure, probably due to more efficient running mechanics. 
According to Margaría et al. (1963) the differences in energy expenditure 
between trained and untrained runners is 5-7«. The difference between our 
data for untrained runners (line 7, Figure 4.8) and those of Pugh (1970) 
for trained runners running on a track (line 3b, Figure 4.8) is of the same 
order. It is possible that the differences that Bransford and Howley (1977) 
found between male and female subjects are due largely to differences in 
running experience between their groups of subjects: the trained females 
were less well trained than the trained males, and the untrained males were 
probably better trained than the untrained females. The data of Pugh (1970) 
and McMiken and Daniels (1976) (lines 3a, 3b, and 5, Figure 4.8) show that 
there are no important differences between energy expenditure during tread-
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FIGURE 4.8 
Regression equations for the relationship between energy expenditure (watt. 
kg~l) and speed (km.h~^J during running (see Table 4.4). 1. Margaría et al. 
(1963); 2. Costili and Fox (1969); 3. Pugh (1970) (a. track, b. treadmill); 
4. Van der Halt and Wyndham (1973); 5. MoMiken and Daniels (1976); 6. Brans-
ford and Howley (1977) (a. untrained men, b. untrained women, с trained 
men, d. trained women); 7. this study. 
mill and during track running for speeds up to about 15 km.h' . 
Differences become apparent only at higher speeds where air resistance starts 
to affect energy expenditure (Pugh, 1970, 1971). 
Conclusion. The conclusion from our study is that the energy expenditure of 
relatively untrained men and women between 20 and 40 years of age during 
running outdoors at speeds between 7 and 16 km.h can be predicted, for 
practical purposes, by means of a linear equation in which the speed is the 
only variable: E (watt.kg'1) = 1.7 + 1.09v (km.h - 1); SD = 1.0. 
4.4.1.2 Energy expenditure per_distance covered 
The energy expenditure per kilometer covered is almost independent of speed 
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at normal running speeds (4.3.1, Figure 4.4). This means that in the range 
of speeds studied there is no "optimal" speed where energy expenditure is 
minimal, as in walking (2.4.1.1.2). Therefore, the preferred speed during 
running is not related to the presence of an "optimal" speed. Other factors 
like the biomechanics of running, cardiorespiratory condition, force and 
running experience probably determine the preferred speed. 
4.4.2 Heart rate during running and the training stimulus for the cardio­
respiratory system 
The heart rates recorded during "normal"-speed running, mostly between 160 
and 180 beats per minute (Table 4.3), are higher than those found by Day et 
al. (1976) when they asked their subjects, men between 32 and 67 years of 
age, to jog at a normal speed (mean 153 beats per minute). Since Day does 
not mention the speeds at which his subjects jogged, it is not clear whether 
the lower heart rates were caused by lower speeds or by the fact that their 
subjects were better trained (see also 2.4.2). Jben Day et al. (1976) asked 
their subjects to jog as slowly as comfortably possible heart rates between 
130 and 140 beats per minute were reached. These too are somewhat lower than 
the values reached during running slowly in our subjects (Figure 4.7), though 
speeds cannot have been much lower, which suggests that Day's subjects prob­
ably were better trained than ours. 
Our subjects at all running speeds reached heart rates that exceeded 
the minimum heart rates required to induce training effect upon the cardio­
respiratory system (70% of the maximal heart rate, see 1.1.2.1). Therefore, 
running (or jogging) seems to be a very adequate way to improve cardiorespi­
ratory fitness. However, for people with a very low level of cardiorespira­
tory fitness it may be too strenuous because of the high intensity even at 
the lowest speeds. Also, the risk of injuries of the locomotor system during 
running is higher than during other types of activities like walking or 
cycling (Pollock et al., 1971; Luna and Коерке, 1975; see also 8.4.5 and 
9.4.4). 
4.4.3 Rating of perceived exertion during running 
No effect of sex or age was found on the relative load, expressed as percent­
age of the predicted maximal heart rate, and RPE scores during "normal" and 
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"fast" running (4.3.3). This means that the four categories of subjects 
adopted speeds during "normal" and "fast" running that represented objectiv­
ely (% of maximal heart rate) and subjectively (RPE score) the same work 
load. The RPE score during "normal"-speed running vas on the average "rather 
hard'. During "normal"-speed ualking and cycling the RPE scores ranged be­
tween "light" and "fairly light" (2.3.1.3 and 3.3.1.3). The reason why the 
subjects did not choose lower speeds during "normal" running is not quite 
clear. Maybe running at lower speeds is "uncomfortable", though the load 
on the cardiorespiratory system is lower; maybe the subjects had problems 
determining their "normal" speed because most of them were unexperienced 
runners; it is also possible that the subjects simply accept that running 
is more strenuous than walking or cycling and therefore identify higher 
work loads as "normal" than they would during walking or cycling. However, 
it is also possible that some subjects "exaggerated" their "normal" speed 
(see 9.4.4). 
4.5 SUMMARY 
The physiological load (energy expenditure and heart rate) during outdoor 
running has been studied in 22 untrained or moderately trained subjects, men 
and women between 20 and 40 years of age. 
Differences in energy expenditure that were found between the age 
groups (20 to 29 and 30 to 39) probably reflected differences in running 
experience rather than a specific age effect. No differences between the 
sexes were found. One general equation for the prediction of energy expendi­
ture during outdoor running has been developed: 
E (watt.kg"1) = 1.7 + 1.09v (km.h"1) SD = 1.0; 7.5 km.h"1 < ν < 16 km.h"1. 
At all running speeds heart rates reached levels that were sufficiently 
high (> 70% hr ) to produce a training effect on the cardiorespiratory 
system. 
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In the Netherlands the breast stroke is the most qenerally practiced stroke 
durinq recreational swimniinq. Most people do not master other strokes, like 
the front crawl, or at least not well. Therefore, training programs to im-
prove physical fitness by swimming have, at least in the Netherlands, to be 
based on breast-stroke swimming. 
Not many literature data on the energy exoenditure during swimming are 
available. Moreover, most studies that have been conducted concern front-
crawl swimming and recent data on the energy expenditure during breast-
stroke swimming seem to be limited to the work of Holmér and coworkers 
(Holmér, 1974). They found that the energy expenditure during swimming was 
dependent on the degree of swimming training, body dimensions, swimming 
technique and swimming style, so that energy exoenditure at a given speed 
was generally higher in untrained and tall subjects as compared to trained 
swimmers and small subjects respectively (Holmér, 1974). They made no at-
tempt to develop an equation to predict the energy expenditure from the 
speed during breast-stroke swimming. 
Since it is important to be able to predict this energy expenditure if 
one wants to develop qeneral traininq proqrams or evaluate existinq proqrams 
for the improvement of physical fitness (1.1.2.1), a pilot study was con-
ducted to find out whether one single equation for the prediction of energy 
expenditure during breast-stroke swimming could be developed for all ages 
and both sexes, like in walking (2.3.1.1), cycling (3.3.1.1) and running 
(4.3.1). 
Heart rates during swimming were recorded to examine whether a train-
ing stimulus for the cardiorespiratory system was reached. 
It should be realized that the study described in this chapter was a 
pilot study and therefore conclusions from the data can only be tentative. 
5.2 SUBJECTS AND METHODS 
5.2.1 Subjects 
Subjects were 27 healthy men (n=16) and women (n=ll) between 18 and 65 years 
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Experimental set-up for the oolleation of expiratory air during the swimming 
experiments. 
of age. For further characteristics see Table 5.1. All subjects were able 
to swim the breast stroke and 11 subjects (7 women and 4 men) swam regular-




Enerqy expenditure and heart rate were determined as described in 4.2.2.1 
and 4.2.2.2 for running. The Douglas bag and cassette recorder were carried 
by the investigator who walked along the edge of the pool next to the swim-
minq subjects (Figure 5.1). 
No subjective rating of perceived exertion was recorded. The temperature of 
the water in the indoor pool was 25-27 0C. 
2.5.3 Design of the study 
All subjects swam at two different speeds: their own "normal" sneed and 
"fast", which they had to be able to maintain at least 10 minutes. We chose 
to study normal and higher speeds since these are the most relevant in 
relation to physical fitness programs. The pool had a total length of 25 
meter. The subjects swam 20 meters, turned around without touching the wall, 
and swam 20 meters back, turned around again, etc. Expiratorv air was col-
lected in the Douglas bag after at least 5 minutes of swimmina. 
5.2.4 Analysis of the data 
Energy expenditure has been expressed in watt, in watt.kg of body weight, 
and in watt.m of body surface. Different types of equations have been 
developed for the relationship between energy expenditure (E) and speed (v): 
2 ' 3 2 ' 
E = a + bv, E = a + b v , E = a + b v , E = a + b v + c v , and E = a + bv + 2 3 
cv + dv . The best equation for the prediction of energy expenditure was 
determined as described in 3.2.2.4. 
Differences between regression equations for different categories of sub-
jects were analyzed as described in 2.2.2.4. The level of significance was 
chosen to be 0.05. 
5.3 RESULTS 
5.3.1 Energy expenditure 
5.3.1.1 Energy_expenditure per minute 
In Figure 5.2.a the energy expenditures ( in watt) measured during breast -
stroke swimming at d i f ferent speeds are shown. Based on these data d i f fe ren t 
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FIGURE 5.2 
Energy expenditure during breast-stroke swimming at different speeds (km. 
h~+) for non-regutarly swimming men (o) and women (A), and regularly swim­




types of regression equations have been developed to describe the relation­
ship between energy expenditure and speed. They are presented in Table 5.2. 
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TABLE 5.2 Different types of regression equations for the relationship between enerqy crpenditure (E) and speed 
(v, km.h" ), their standard deviations, and the correlation coefficients for the relationships between 
the energy expenditures predicted from the different equations (E(watt), E(watt kg" ) body weight, or 
-2 
E(watt.m J.body surface) and the measured values (in watt), during breast-stroke swimming 
È = a+bv 
SD 
corr.coeff. 
È = a+bv2 
SD 
corr.coeff. 
É - a+bv3 
SD 
corr.coeff. 
E = a+bv+cv 
SD 
corr.coeff. 
E » a+bv+cv +dv 
SD 
corr.coeff. 
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The best prediction (i.e. with the smallest standard deviation and the high­
est correlation coefficient between predicted and measured values) is ob­
tained when energy expenditure is expressed in terms of body surface and 
2 " 2 3 
with the equations E = a + bv, E = a + bv + cv , or E = a + bv + cv + dv 
(see Table 5.2). Since the equation E = a + bv is to be preferred above the 
other two, we chose this equation to describe the relationship between ener­
gy expenditure and speed. 
Table 5.2 also shows that the standard deviation of the equation is quite 
high (SD = 78, compared to SD = 35 in cycling (Table 3.3)). This is mainly 
due to the fact that the interindividual variation in energy expenditure 
during breast-stroke swimming is very large, especially in untrained swim­
mers (see Figure 5.2.b). Predicting their energy expenditure by means of 
the developed equation is, therefore, not likely to be very accurate. 
Influence of sex. In Figure 5.3 the regression equations for the relation-
_2 
ship between energy expenditure (in watt.m ) and speed for the male and 
female subjects are shown. The women use less energy at low swimming speeds 
than the men. This difference disappears at higher speeds. However, the in­
fluence of the differences in swimming experience between the male and 
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FIGURE 5.3 
Regression equations for the relationship between energy expenditure (E, in 
watt.nT^) and speed (v. km.h-^) during breast-stroke swimming for male and 
female subjects. Men: E = 215 + 195.2v SD - 86; women: Έ =-101 + 282.βυ 
SD = 54. 
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female subjects have not been excluded. Since the female subjects were main-
ly regular swimmers but the men were not (5.2.1), differences in swimming 
technigue probably partly explain the differences found between the sexes 
(see later). Another factor that may play a role is the body's sinking force 
which shows a strong positive correlation with the fatfree mass (Holmér, 
1974). Since women have a smaller fatfree mass than men their sinking force 
is also smaller. At low swimming speeds the sinking force is still an im-
portant factor in the total amount of work performed (Holmér, 1974) and 
therefore the energy expenditure of women may be expected to be lower than 
that of men during swimming at low speeds. The effects of fatfree mass, in 
relation to sex, and swimming experience on the energy expenditure could 
not be studied separately because of the small number of subjects in this 
pilot study. 
Influence of swimming experience. In Figure 5.4 the regression equations for 
the group of regular swimmers (n=ll) and the group of non-regular swimming 
subjects (n=16) are shown. The regular swimmers tend to expend somewhat less 
energy (ca 10%) at the same speed than the subjects who do not swim regular-
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FIGURE 5.4 
Regression equations for the relationship between energy expenditure (E} 
watt.rrr^i and speed (v, km.h~^) during breast-stroke swirmrCng for non-
regularly and regularly swimming subjects. Non-regular: E - -29 + 265. 3v 
SD = 88; regular: E = -40 + 245. 8v SD = 50. 
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ly, but differences are not significant due to the large variation in the 
energy expenditure data, especially of the non-regularly swimming subjects. 
5.3.1.2 Energy expenditure per distance covered 
In Figure 5.5 the energy expenditure during breast stroke swimming has been 
-1 -E 
expressed per distance covered (kJ.km .m ). The scatter of the data is 
very large. When the energy expenditure per distance covered is predicted 
-1 -2 41 4 by means of the equation E (kJ.km .m ) = '— + 886.8, based on the 
v
 ' -2 
equation derived for the energy expenditure per minute, E (watt.m ) = -11 
+ 246.3v (km.h" ), it is largely independent of the speed and for our sub-
-1 -2 jects has an average value of 875 kJ.km .m . 
5.3.2 Heart rate 
Figure 5.6 presents the heart rates that were recorded during swimming at 
different speeds. The scatter in the heart rate data is very large, which 
was to be expected since already the scatter in the energy expenditure data 
was large and in addition the subjects varied in age and state of training 
of the cardiorespiratory system. 
In Table 5.3 the speeds selected by the subjects during "normal" and 
"fast" swimming are shown with the heart rates recorded during those speeds. 
The data concern only 17 of the 27 subjects, i.e. the subjects of which 
heart rate registrations at both speeds were available. 
The male subjects tended to choose higher swimming speeds than the female 
subjects, during "normal"-speed swimming as well as during "fast" swimming, 
but the relative work load (expressed as the percentage of the predicted 
maximal heart rate that was reached) did not differ between the sexes at 
either speed. 
5.4 DISCUSSION 
5.4.1 Energy expenditure 
The best prediction of energy expenditure during breast-stroke swimming was 
obtained when energy expenditure was expressed in terms of body surface 
(5.3.1.1, Table 5.2). This was to be expected since it has been shown that 
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energy expenditure ( kJ m"2-km"1) 
1200 η 
1000-
8 0 0 -
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FIGURE 5.5 
—1 —2 Energy expenditure per distance aovered (kJ.km .m ) during breast-stroke 
swimming at different speeds ffem.й J for non-regularly swimming men (o) 
and women (h), and regularly swimming men (Φ) and women (L). 
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FIOJRE 5.6 
Heart rates during breast-stroke swimming at different speeds (km.h ) for 
non-regularly swimming man (o) and women (à) and regularly swimming men 














TABLE 5.3 Mean and range of the age, selected speed, heart rate, and heart 
rate as percentage of the nredicted maximal heart rate during 
"normal" and "fast" breast-stroke swimming for male (n=10) and 
female (n=7) subjects. 
age (years) selected speed 
(km.h"1) 
NORMAL SPEED 
men 31.1(20-56) 1.95(1.70-2.31) 
women 40.3(18-65) 1.65(1.23-2.29) 
FAST SPEED 
men 31.1(20-56) 2.49(2.05-3.50) 
women 40.3(18-65) 1.89(1.50-2.60) 
* The predicted maximal heart rate was calculated for each subject as 220 
minus age (in years). 
the water drag, which depends on the size, shape and speed of the body, is 
the main factor resisting motion in water (Holmër, 1974). Individuals with 
a large body surface are exposed to a greater water drag than those with 
a small body surface (Karpovich, 1933), and water drag increases with about 
the square of the swimming speed (v ). The mechanical work performed during 
swimming is the product of water drag and speed (Karpovich and Pestrecov, 
1939; Holmér, 1974; di Prampero et al., 1974). On these grounds energy ex-
penditure could be expected to be some kind of function of ν . However, 
energy expenditure seems to increase approximately linearly with the speed, 
and introducing ν into the regression equation for the prediction of 
energy expenditure does not lead to a more accurate prediction (5.3.1.1, 
Table 5.2). This is in agreement with the energy expenditure data of Holmér 
(1974), which also showed a linear or slightly exponential increase as swim-
ming speed increased (Figure 5.7). 
influence of sex. The differences in energy expenditure found between the 
sexes might largely be explained by differences in swimming experience be-
tween the male and female subjects, though at low swimming speed differences 
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FIGURE 5.7 
Energy expenditure (watt.m ) during breast-stroke swimming at different 
speeds for 2 recreational swimmers (o, A) and 2 elite swimmers (Ф, L) (from 
Holmêr, 1974) and regression equations for non-regularly ( ) and 
regularly ( ) swimming subjects from this study. 
in sinking force between men and women due to differences in their fatfree 
mass may appear (5.3.1.1). However, the influences of sex and swimming 
experience could not be separated and therefore no distinction between the 
sexes for predicting the energy expenditure during swimming is made. 
Influence of swimming experience. The regularly swimming subjects in our 
study showed a ca 10% lower energy expenditure than the not regularly swim-
ming group (5.3.1.1, Figure 5.4). This is in agreement with the common find-
ing that trained swimmers expend less energy than untrained swimmers because 
of a more efficient swimming technique. For front-crawl swimming differences 
between trained and untrained subjects of 30-100% have been found (Holmer, 
1972, 1974; Kemper et al., 1976). 
In Figure 5.7 the energy expenditure data of Holmer (1974) for four of his 
subjects (2 elite swimmers and 2 recreational swimmers) during breast-
stroke swimming are shown together with the equations developed in this 
study. The energy expenditure predicted with the equation for our group of 
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regular swimmers agrees well with the data of Holmér's recreational swimmers. 
The mean energy expenditure of the group of non-regular swimming subjects 
in our study is about 50°o higher than that of Holmér's elite swimmers, and 
individual differences may be even larger This agrees with the differences 
found between trained and untrained fron-crawl swimmers. 
Сопсі чіоп. Because large variations in the energy expenditure during breast-
stroke swimming are found between individuals, mainly due to differences in 
swimming technique, a reasonably accurate prediction of the energy expendi­
ture is not possible Therefore, the equation developed in this study for 
-2 the relationship between energy expenditure and speed, E (watt.m ) = -11 + 
246.3v (km.h ) (SD = 78) should only be used to obtain a very general im­
pression about the level of energy expenditure and not to predict individual 
energy expenditures. 
5.4.2 Heart rate and the training stimulus for the cardiorespiratory system 
During "normal"-speed swimming most subjects already reached heart rates 
over 70% of their predicted maximal heart rate (Table 5.3), the level re­
quired to produce a training effect on the cardiorespiratory system (1.1.2. 
1). During 'fast" swimming mean values of about Ш, of the predicted maximal 
heart rate were found (Table 5 3). Since it has been shown that the maximal 
heart rate that can be reached during swimming is 12-15 beats per minute 
lower than that during running (Holmér, 1974, Holmér et al., 1974), the 
heart rates during "fast" swimming were probably about maximal. 
These data indicate that swimming can be effective in producing a training 
stimulus on the cardiorespiratory system, even at "normal" speeds, in men 
and women of varying age. It should, however, be kept in mind that the 
subjects might have "exaggerated" their "normal" swimming speed. 
5.5 SUriMARY 
A pilot study was conducted on the physiological load (energy expenditure 
and heart rate) during breast-stroke swimming in 27 subjects, men and women 
between 18 and 65 years of age with varying swimming experience. 
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The interindividual variation in energy expenditure was very large, 
probably due to differences in swimming technique and maybe percentage body 
fat. Although a general equation for the prediction of energy expenditure 
was developed (Ë (watt.nf2) = -11 + 246.3v (km.h-1) SD = 78; 1.2 km.h"1 
<^  ν <^  3.5 km.h" ), it should only be used to obtain a very general impression 
about the level of energy expenditure during breast-stroke swimming and not 
to predict individual energy expenditures. 
During "normal"-speed swimming (1.6 - 2.0 km.h" ) most subjects already 
reached heart rates that were sufficiently high (> 70% hr ) to produce a 
training effect on the cardiorespiratory system. 
Ill 
WALKING, CYCLING, RUNNING AND SWIMMING: Comparison of their 
physiological load and their role as training activities 
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1.2 Effect on the cardiorespiratory system 
2 Variation of training activities 
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6.1 THE PHYSIOLOGICAL LOAD DURING WALKING, CYCLING, RUNNING AND SWIMMING 
6.1.1 Energy expenditure 
Figure 6.1 shows the regression equations for the relationship between 
energy expenditure and speed, as developed in the studies described in chap­
ters 2, 3, 4, and 5 for walking, cycling, running and swimming. Although it 
has been shown that the energy expenditure during cycling (3.3.1.1) and even 
more so during swimming (5.3.1.1) is more related to body surface than to 
body weight, the energy expenditure has been expressed in terms of body 
weight too to be able to make a comparison with the other two activities. 
Moreover, in practical circumstances body weight will be preferred to body 
surface when predicting energy expenditure. The equation for breast-stroke 
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FIGURE 6. 1 
Regression equations for the relationship bet úeen energy expenditure (E, 
watt.kg~l]
 an¿ speedfv, km.h~^) during walking, cycling, running and swim-
ming. Walking: Έ = 1.1 + 0. 136v2 SD - 0.4; cycling: Έ - 4.0 - О.ЗЗ + 
0.0Σ7υ2 SD - 1.2; running: Έ = 1.7 + 1.09v SD = 1.0; swimming: E = 0.25 
+ 6.19v SD = 2.3. 
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swimminq is indicated by a dotted line (Figure 6.1), because it should only 
be used as a rough estimation of the energy expenditure since it has been 
shown that the interindividual variation in energy expenditure during swim-
ming is verv large (5.4.1). 
The energy expenditure during cycling is much lower than during walking 
or running at the same speed (Figure 6.1). In order to spend the same amount 
of energy the speed of cycling has to be 2 to 3 times higher than that of 
walking or running. The regression equations for walking and running inter-
sect at a speed of 8.5 km.h (Figure 6.1). Below this speed running costs 
more energy than walking, at higher speeds running is the more "efficient" 
way of moving. This change at speeds between 8 and 9 km.h has been observ-
ed by a number of other authors as well (Margaría et al., 1963; Menier and 
Pugh, 1968; Van der Walt and Wyndham, 1973; Noble et al., 1973; Falls and 
Humphrey, 1976). 
The range of energy expenditures that can be reached by walking has 
an upper limit of about 12 watt.kg" , because 9 km.h is approximately the 
maximum speed for walking. Higher speeds can only be reached by changing 
the style of walking, as competition walkers do (Menier and Pugh, 1968). 
Competition walkers are able to reach sneeds un to 15 km.h . Still, many 
people will not be able to reach the maximum of 9 km.h during normal walk-
ing, if only because of their leg length. 
The lowest speed at which it is still possible to run is about 7 km.h , and 
therefore the minimum energy expenditure during running is ca 9.3 watt.kg 
The maximum running speed is very variable, depending on the time it has to 
be sustained. Athletes are able to reach speeds over 30 km.h during sprint-
ing. Energy expenditures at these speeds will be higher than predicted from 
the regression equation in Figure 6.1, because of the increasing influence 
of air resistance at high speeds (Pugh, 1970) (see 4.4.1.1). In cycling a 
very wide range of energy expenditures can be reached: from ca 3 watt.kg 
at a speed of 8 km.h" to over 20 watt.kq" at speeds above 30 km.h" on a 
touring bicycle (Figure 6.1). 
The energy expenditures during breast-stroke swimming fall in the same range 
as those during running and cycling, when low swimming speeds are included 
too (Figure 6.1). 
energy exijenditare per distance covered. Figure 6.2 shows the predicted 
energy expenditures per kilometer covered during walking, cycling and running. 
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FIGURE 6.2 
-1 -1 Energy expenditure per distance covered (E, kJ.km .kg ) during walking, 
cycling and running at different speeds (v, km.hr+i. 
Walking: E = — + 0.486v; cycling: E = — ' - 1.17 + 0.09Sv; running: 
The value for swimming has not been indicated, but is much higher (ca 22.5 
Ы.кпГ^кд'
1
, see 5.4.1). 
Cycling is by far the most "efficient" way to cover a certain distance, when 
energy cost is considered. Even at very high speed (over 30 km.h" ) the 
energy expenditure per kilometer is still lower than in walking, running or 
swimming at any speed. Running is less "efficient" than walking. Only at 
speeds above 8.5 km.h the energy expenditure per kilometer during walking 
is higher than during running. 
6.1.2 Heart rate 
Our data do not allow a comparison of the relationships between energy ex­
penditure and heart rate for walking, cycling, running and swimming, since 
the subjects in the four studies were not the same and, in addition, did 
not select the same speeds. None of the subjects took part in all four 
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FIGURE 6.3 
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-1. Energy expenditure (watt.kg } and heart rate during walking (o), oyoling 
(») and running (k) for one male (a.) and one female (b. ) subjeat. 
studies, and only 2 subjects, one man aged 28 and one woman aged 28, took 
part in three of the four studies (walking, cycling and running). The data 
of these two subjects during the three activities are shown in Figure 6.3. 
There are no clear differences in the relation between energy expenditure 
and heart rate during the three activities. 
This is in contrast with literature data on the relationship between energy 
expenditure and heart rate during treadmill walking and running, and bicycle 
ergometry (no data are available on outdoor walking, running and cycling). 
Usually somewhat higher heart rates are found during cycling at a certain 
submaximal load than during walking and running (Hermansen and Saltin, 1969; 
Hollmann et al., 1971; Michael and Hackett, 1972). Hermansen and Saltin 
(1969) found a difference of 8-14 beats per minute in untrained subjects and 
of 4-6 beats per minute in athletes. It is believed that the higher heart 
rates during cycling are caused by the fact that in cycling relatively small 
muscle groups are active, compared to walking or running (Stenberg et al., 
1967; Hermansen and Saltin, 1969; Hollmann et al., 1971). Like the increased 
heart rate in sitting position compared to the supine position, the higher 
heart rates during activities with small muscle groups may be due to a re-
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duced venous return and a lower stroke volume (Hermansen and Saltin, 1969). 
Holmér et al. (1974b) who compared the heart rates during swimminq and run-
ning at submaximal oxygen uptakes in elite swimmers, found no differences 
in the heart rates during the two activities. 
6.1.3 Subjective load 
The subjective load during walking, cycling and running at different speeds 
has been determined by the rating of perceived exertion (RPE) on the scale 
of Borg (1973) (Table 2.1). No RPE scores have been determined during swim-
ming. It has been shown that the RPE reflects to a large extent the relative 
work load, which may be represented by the percentage of the maximal heart 
rate that is reached during a certain work load (Ekblom and Goldbarg, 1971; 
Bar-Or et al., 1972; Skinner et al., 1973; Löllgen et al., 1977). Within a 
limited age group, where the maximal heart rate may be assumed to be con-
stant, RPE is a reflection of the absolute heart rate too. Based on the 
results described in 2.3.1.3, 3.3.1.3 and 4.3.3, regression equations have 
been developed for the relationship between RPE and heart rate during walk-
ing, cycling and running for the male and the female subjects between 20 
and 30 years of age (Figure 6.4). This was the only age group represented 
in all three studies (2.2.1, 3.2.1, 4.2.1). Since the relationship between 
RPE and heart rate is also influenced by psychological factors (Morgan, 1973) 
it should be kept in mind when comparing the regression equations for the 
three types of activities, that the subjects were not the same in the three 
studies. The individual data of the two subjects that did take part in all 
three studies are presented in Figure 6.4 too. In the male subjects the 
three regression equations for walking, cycling and running differed signif-
icantly from one another. In the female subjects no difference was found 
between the equations for walking and cycling, while the equation for running 
differed significantly from the other two. 
The data of the male individual agree with the pattern shown by the equations 
of the total group of male subjects (Figure 6.4.a): RPE during walking 
higher than during cycling, and RPE during cycling higher than during running 
at the same heart rate. The equations for the total group of female subjects 
show the same pattern, but in the individual data of the female subject no 
differences in the relationships between heart rate and RPE during the three 
activities are seen (Figure 6.4.b). 
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FIGURE 6.4 
Regression equations for the relationship between heart rate (hr) and rating 
of perceived exertion (RPE score) during walking, oyaling and running for 
male subjects aged 20-30 yr (a.) and female subjects aged 20-30 yr (b.), 
and individual data for one male and one female subject during walking (o), 
cycling (Φ) and running (à). 
Walking: men RPE = 5.40 + 0.0S4hr; women RPE = 3.22 + O.OOShr. Cycling: men 
RPE = 1.43 + 0.081hr; women RPE = 0.39 + O.OSOhr. Running: men RPE = -0.48 
+ 0. 079hr; women RPE = -4. 88 + 0.lOShr. 
In the literature no data are available on the relationship between 
heart rate and RPE during outdoor walking, cycling and running. A number of 
investigations has been conducted in which the relationships between heart 
rate and RPE during treadmill walking and running, and during bicycle ergo-
metry have been compared (Ekblom and Goldbarg, 1971; Bar-Or et al., 1972; 
Michael and Hackett, 1972; Skinner et al., 1973; Noble et al., 1973). 
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It was found that the RPE during cycling was higher than that during running 
and walking at comoarable heart rates. This is in contrast with our data. 
However, it is difficult to compare the results during bicycle ergometry 
with those during outdoor cycling, since the relationship between heart rate 
and RPE is affected by pedalling rate (Pandolf and Noble, 1973; Stamford et 
al., 1974; Cafarelli, 1977) The pedalling rates applied during bicycle 
ergometry, usually 60 rpm, are lower than those during outdoor cycling, es-
pecially at higher work loads (see also 3.4.3). This means that during bi-
cycle ergometry larger forces have to be generated in the muscles over long-
er periods of time than during outdoor cycling at the same work load. This 
larger local muscular stress causes a higher RPE (Cafarelli, 1977). There-
fore, the RPE during cycling is probably lower than during bicycle ergometry. 
This, together with the fact that we did not find a higher heart rate during 
cycling than during walking (see 6 1.2) may explain the fact that in our 
study the RPE during cycling was not higher than during walking (Figure 6 4) 
The reason why we found a lower RPE during running than during walking or 
cycling (Figure 6.4) is not clear. Some of the possible reasons have been 
discussed in 4.4.3. Moreover, we had the impression that subjects did not 
like to admit they found a certain task hard to do. The results are probably 
also influenced by the fact that the subjects in the three studies were not 
the same, so they were not able to compare the subjective loads during the 
three activities. 
The conclusion from our data is that, though there is a trend that the 
RPE score increases with increasing heart rate, the variation is so large, 
even in one individual (see Figure 6.4) that the RPE score cannot be used 
as representative for the work load 
6.2 WALKING, CYCLING, RUNNING AND SWIMMING AS TRAINING ACTIVITIES 
6.2.1 Criteria for the choice of training activities 
6.2.1.1 Energy expenditure 
The energy expenditure during physical exercise may be used to accomplish a 
decrease in body weight (see 1.1.1.5). In practice, however, the changes in 
body weight and body composition caused by training programs are usually 
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small (Chapter 8, Table 8.18: mean decrease in body weight 0.4 kq, mean de-
crease in percentage fat 0.8%), in normal as well as in overweight and obese 
subjects (Moody et al., 1969, 1972; Wilmore et al., 1970; Gwinnup, 1975). 
There is not much evidence that established obesity could be overcome by 
merely increasing activity (EEC/WHO Report, 1978). 
Physical activity may play a more important role in maintaining body weight 
and preventing a gradual increase in body weight that usually occurs with 
age and causes many middle-aged persons to be overweight (Oscai, 1973). 
Therefore, training programs in which the amount of energy spent is the pre-
dominant criterion are required. Figures 6.1 and 6.2 show which of the activ-
ities, walking, cycling, running or swimming, in this respect are most effi-
cient under certain circumstances. 
Two examples: 
1. Someone wants to spend in half an hour daily as much energy as possible. 
The maximum energy expenditure he can possibly reach during walking is 
about 12 watt.kg corresponding to a speed of 9 km.h (6.1.1). Unless 
his maximum aerobic power does not allow a higher energy expenditure (12 
watt.kg is equivalent to an oxygen uptake of 35 ml.min .kg" ) , he will 
be able to reach higher energy expenditures by running (with a speed of 
10 km.h" or higher) or cycling (with a speed of 25 km.h or higher) 
and probably also by swimming (Figure 6.1). 
2. Someone wants to spend as much energy as possible while covering the 
distance from home to work and back. Figure 6.2 shows that the highest 
energy expenditure per kilometer is reached during running, which is 
almost independent of the speed, or during fast walking (> 8 km.h" ). 
The energy expenditure during cycling is much lower than during walking 
or running regardless of the speed (Figure 6.2). Therefore, if one wants 
to spend a maximal amount of energy covering a certain distance it is in 
all circumstances better to walk or run than to cycle. An even higher 
energy expenditure could be reached if he could swim to and from his 
work (see 6.1.1). 
These two examples lead to two general conclusions: 
a. if one has a certain time to spend and wants to expend as much energy as 
possible during that period of time, Figure 6.1 shows that the best thing 
to do is to run, swim or cycle as fast as possible during that time. Walk-
ing is less adequate in this respect. 
b. if one has to cover a certain distance, and wants to spend as much energy 
120 
as possible traversing that distance, Figure 6.2 shows that the best way 
to do th is is by running or walking fas t . Cycling is less adequate in 
th is respect. 
These are only general conclusions, but with the help of Figures 6.1 and 
6.2 the most e f f i c i en t t ra in ing ac t i v i t y ( i es ) for expending energy can be 
determined for each ind iv idua l , when his personal l im i t ing factors (such as 
cardiorespiratory condi t ion, condition of the locomotor system) are known. 
6.2.1.1 Effeçt_on_the_cardioresp^ratorv_system 
A lo t of f i tness programs are aimed at improving the cardioresoiratory con-
d i t i o n , and therefore a t ra in ing stimulus for the cardiorespiratory system 
is required (see 1.1.1.3). I t has been shown that the minimum t ra in ing i n -
tensity required to produce an increase of maximum aerobic power (VO-max), 
which represents the condition of the cardiorespiratory system, is ca S0% 
of the VCLmax (see 1.1.2.1). Thus when the V0?max of a subject is known, 
i t is possible to determine th is minimum t ra in ing in tens i ty . Knowing that 
an intensi ty of 1 ml 0„.min .kg corresponds to an energy expenditure of 
-1 ¿ 
0.34 watt.kg , the minimum energy expenditure required to produce a train-
ing effect can be calculated. From the equations shown in Figure 6.1 the 
speeds during walking, running and cycling that correspond to this minimum 
energy expenditure can be determined. For instance: someone has a maximum 
aerobic power (VCLmax) of 40 ml.min .kg . His minimum training intensity 
-1 -1 (50% of the V0„max) therefore is 20 ml.min .kg . This is equivalent to 
¿
 -l 
an energy expenditure of 6.85 watt.kg . Figure 6.1 shows the training speed 
during walking should then exceed 6.5 km.h and during cycling 18 km.h 
During running the energy expenditure exceeds 6.85 watt.kg at all speeds, 
therefore, any speed is adequate. In this way the speeds corresponding to 
any desired training intensity can be calculated. Since the individual 
energy expenditure di'n'ng swimming may deviate considerably from the mean 
value presented in Figure 6.1 (5.4.1), this is not a very adequate method 
in swimming and may lead to errors. 
In Table 6.1 mean V0?max values of men and women in different age groups 
are given. The values for the men are based on the data of Rstrand (1960) 
for subjects with an "average" aerobic power. They agree with the mean 
V0?max values for Dutch non-athletic men as reported by Binkhorst et al. 
(1966) and Timmers (1969) (See Table 8.17). The V02 max data for Swedish 
women of Astrand (I960) are higher than those found by other investigators. 
121 
TABLE 6.1 Mean VCLmax values for normal, non-athletic adults in d i f f e r e n t 
aqe groups, and minimum tra in ing sneeds during walking, c y c l i n g , 











































































* intensity will, even at the lowest speeds, be close to or even exceed 
V0?max. 
Usually it is found that the V0?max of women is ca 80% of that of men in 
the same age group (see 8.4.1). 
Since no data on Dutch women are available, estimated V0?max levels of 80% 
of those of the men were used. In Table 6.1 the speeds during walking and 
cycling corresponding to an intensity of 50% of the V0?max values for the 
different age groups are presented as well. The energy expenditure during 
running is minimally 9 watt.kg- , which corresponds to an oxygen uptake of 
26 ml.mm .kg , which is always higher than 50% of the given VO^max values. 
Therefore, any running speed will be adequate to produce a training effect 
in people with a V0,max below 52 ml.min .kg . In older people (> 50 yr) 
- 1 - 1 the minimal intensity during running (ca 26 ml.min .kg ) may be close to 
or even exceed the V0?max, and in those cases running has to be excluded as 
training activity. As mentioned before (2.4.2), the required speed during 
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walking in young and trained individuals is close to or may even exceed the 
maximum speed that can be reached (Table 2.3) and therefore walking is not 
appropriate for all young and trained people as training activity. In con­
trast to walking and running, cycling is an adequate training activity in 
all age grouns. 
The data in Table 6.1 may be used as a general guideline of minimal 
training speeds for normal untrained adults who want to improve their cardio­
respiratory fitness. However, it should be stressed that individual VO^max 
values may deviate appreciably from the given mean values 
6.2.2 Variation of training activities 
Changes in the type of activity while following a training program may take 
place for various reasons: just for variation or because a practiced train­
ing activity has become impossible or less feasible for one reason or an­
other, another situation in which a change in training activity occurs is 
when a training program in hospital or clinic has been followed and the 
patient wants to or has to continue training at home. In hospitals and 
clinics most often treadmills and bicvcle ergometers are used for training. 
At home other types of activity have to be practiced. 
When changing from one type of activity to another during a training 
program, it is important to keep the physiological load (energy expenditure, 
heart rate) at the same level, i.e. not to disturb the training stimulus 
itself. Figure 6.1 already showed which speeds during walkinq, cycling, run­
ning and swimming correspond to a certain energy expenditure. In Figure 6 5 
a detailed scheme is presented, in which the energy expenditures during 
walking, cycling and running against a gradient, and during bic/cle ergo-
metry are incorporated too. The data for swimming have been omitted because 
no reasonably accurate prediction of energy expenditure during swimming is 
possible (see 5.4.1). 
The energy expenditure during treadmill walking and running is approximately 
the same as during outdoor walking and running (for speeds up to 15 km.h" ) 
(2.4.1.1 and 4.4.1.1). In analogy with the energy expenditure during cycling 
against a gradient (3.2.3 and 3.5.5), the energy expenditure during walking 
and running against a gradient ( Ε
α Γ 3Η 1 θηί' ^
3 5 b e e n c a l c u l a t e d a s t h e sum 
of the energy expenditure during level walking and running (Е, i) and the 
extra energy needed for the vertical displacement (E . , ) : 
^
 r
 *• vertical' 
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î r g y e x p e n d i t u r e ( w a t t kg"1 ) 
17 5° 15° 
10° 7 5° 5° 2 5' 
6 8 
wa lk ing speed ( km h - ' ) 
15° 12 5° 10° 
10 20 30 
cycl ing speed ( km h~ ' ) 
40 50 60 70 80 kg 
10 12 14 16 
running speed ( k m h~ ^ 
2 0 0 4 0 0 6 0 0 
bicycle e rgometer load ( w a t t ) 
FIGURE 6.5 
Prediated energy expenditures (watt.kg ) during different types of exercise: 
a. level and grade walking; b. level and grade ayaling; a. level and grade 
running; d. bicycle ergometry. Equations see text (6.2.2). 
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(1) E , - . = £, , + E . . ,. 4
 ' gradient level vertical 
Ε, , during walking, cycling and running was predicted from the equations 
developed in 2.3.1.1, 3.3.1.1, and 4.3.1: 
(2) É l e v e l (walk ing) = 1.1 + 0.135v2 
(3) Ë l e v e l ( cyc l i ng ) = 4.0 - О.ЗЗ + 0.027v2 
( 4 ) É l e v e l ( running) = 1.7 + 1.09v 
^vert ical c 'u r ' 'n9 walking was calculated according to the equation of Pandolf 
et a l . (1976) as modified by Van Nereaux et a l . (1977): 
(5) V e r t i c a l ( ' а 1 | а п 9 ) = 9 · 6 5 · g r a d i e n t . ν 
^vert ical с ' и г ^ п 9 cycling was calculated as in 3.3.4.1: 
( 6 ) ^ v e r t i c a l ^ c y c l i n q ^ = И · 5 0 ^ 1 " 3 « 1 1 ' ^ ^ 
Pugh (1971) found that the extra oxygen consumption (Д 0?) needed for the 
vert ical displacement during running against a gradient was: 
(7) д 02 ( m l . s - 1 . k g " 1 ) = 1.049.gradient.ν (m.s"1) 
Converting the oxygen consumntion into terms of energy expenditure (watt. 
kg" ) and the speed into km.h y ie lds: 
(8) Ë v e r t i c a l ( r u n n i n g ) (watt.kg"1) = 5.98.gradient.ν (km.h"1) 
Combining equation (1) with the respective equations for E, , and E .._ 
„ ι during the three a c t i v i t i e s y ie lds: 
ca ι . π 
(9) E„ .. .(walking) = 1.1 + 0.135v + 9.65.gradient.ν 
' gradient 
10) E .. . (cycl ing) = 4.0 - О.ЗЗ + 0.027v + 11.50.gradient.ν 
' gradient4 ' э ' э ,
2 
(11) E .. .(running) = 1.7 + 1.09v + 5.98.gradient.ν, ν
 ' gradient4 :" . , э 
where É in watt.kg and ν in km.h 
With the equations (9), (10), and (11) the energy expenditures during walk­
ing, cycling and running against a gradient, as shown in Figure 6.5, were 
calculated. 
The energy expenditure during grade walking, as predicted from equation 
(9) (Figure 6.5.a), is somewhat higher than that predicted by Bobbert (1960), 
Pandolf et al. (1976), and Van Nereaux et al. (1977) who modified the equa­
tion of Pandolf et al. This difference is the same difference as found be­
tween the equations of Bobbert and Pandolf et al., and the equation devel­
oped in this study for level walking (2.4.1.1, Figure 2.11). 
As shown in 3.3.4.1 (Figure 3.18), the energy expenditure during grade 
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cycling, as predicted from equation (10) (Figure 6.5.b) agrees quite well 
with the measured energy expenditure during unhill cycling. No other data 
are available in the literature on grade cycling. 
The energy expenditures during grade running, as predicted from equation 
(11) (Figure 6.5.c), correspond to the values predicted from Margaria's 
nomogram (Margaría et al., 1963). The relationship between work load and 
energy expenditure during bicycle ergometry as presented in Figure 6.5.d, 
was reported by Van Nereaux et al. (1977): 
(12) È = 4.45W + 78.8, 
where E = energy expenditure in watt, and W = work load in watt. 
With the help of Figure 6.5 it is possible to determine how level and 
grade walking, level and grade cycling, level and grade running and bicycle 
ergometry can be varied, without changing the energy expenditure. 
For instance: a subject weighing 80 kg trains on a bicycle ergometer with 
a load of 250 watt. His energy expenditure during this training is 15 watt. 
kg (Figure 6.5.d). An equivalent training is for instance: walking with 
a speed of 5 km.h" against a grade of 12.5° or with a speed of 7.5 km.h 
against a grade of 5 (Figure 6.5.a), cycling on the level with a speed of 
27.5 km.h , or against a 2.5 grade at 17 km.h (Figure 6.5.b), or run-
ning on the level with a speed of 12 km.h , or against a grade of 2.5 
with 10 km.h' (Figure 6.5.c). 
As discussed in 6.1.2, the relationship between energy expenditure and 
heart rate may not be exactly the same during different types of activity, 
though it seemed to be essentially the same during outdoor walking, cycling 
and running (6.1.2, Figure 6.3). Consequently, changing the type of activ-
ity while maintaining the level of energy expenditure, may result in a 
lower or higher heart rate. In those cases where heart rate levels are 
critical, like in cardiac patients, it is important to monitor the heart 
rate when the type of activity is changed, so that the intensity of the 
exercise can be adjusted if necessary. Another point of concern, when choos-
ing or changing the type of exercise, is that the systolic and diastolic 
blood pressure are found to be higher during cycling and swimming than dur-
ing walking or running at the same work load (Holmér, 1974; De Vries and 
Adams, 1977). The higher blood pressure during cycling is probably the 
result of the fact that a smaller muscle mass is involved and that cycling 
is associated with static contractions in the arms and trunk (Lagerstr^m et 
al., 1975; De Vries and Adams, 1977; Adams et al., 1978). Holmér (1974) 
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suggested that the higher blood pressure during swimming might be due to 
an elevated external pressure and increased peripheral resistance due to 
the lowered skin temperature. The elevated blood pressure during cycling 
and swimming affects the myocardial effort, since myocardial oxygen con-
sumption is closely related to the product of systolic blood pressure and 
heart rate (Kitamura et al., 1972; Nelson et al., 1974). This means that 
myocardial oxygen consumption is higher in cycling and swimming than in 
walking and running at comparable work loads. If during physical exercise 
a minimal myocardial effort is required, like in some cardiac patients, 
walking and running are to be preferred to cycling and swimming. However, 
in normal healthy subjects there is no reason for such a preference. 
In conclusion it may be said that cycling and probably also swimming 
are the most generally applicable exercises to improve physical fitness be-
cause of the wide range of intensities that can be covered. Swimming seems 
to be especially suitable for individuals with a handicapped locomotor sys-
tem or overweight persons, since the load on the skeleton, joints and liga-
ments is low in water. Walking is more suitable for older and untrained 
individuals than for young and trained ones because of the relatively low 
intensities, while running is more appropriate for young and trained indi-
viduals because of the high intensities and the risk of injuries, especially 
of the lower extremities. 
6.3 SUMMARY 
In this chapter a comparison has been made between the physiological loads 
during walking, cycling, running and swimming and some conclusions about 
the choice of these activities as training activities have been drawn. The 
choice is largely dependent on the objectives of training. To expend as 
much energy as possible, the choice is dependent on whether one has a cer-
tain time to spend on exercise or whether one wants to cover a certain dis-
tance. In the first case the choice should be between cycling, swimming, 
or running as fast as possible, while walking is less effective. In the 
second case the choice should be between walking or running (or, if possible, 
swimming), cycling being very ineffective. 
If one exercises to improve cardiorespiratory fitness cycling and probably 
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also swimming are the most generally applicable types of exercise, because 
of the wide range of intensities that can be covered Walking is more suit-
able for older and untrained individuals than for younq and trained ones 
because of the relatively low intensities, while running is more appropriate 
for young and trained individuals because of the high intensities and risk 
of injuries. 
A diagram is presented which allows an easy comparison of the energy 
expenditures during level and grade walking, level and grade cycling, level 
and grade running, and bicycle erqometry, and illustrates how one can switch 
during a training program from one activity to another without chamng the 
physiological load 
The relationship between energy expenditure and heart rate during walk-
ing, cycling and running does not seem to differ in the three activities. 
The rating of perceived exertion cannot be used as a predictor of the 
relative work load. 
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7 EVALUATION AND MODIFICATION OF THE COOPER EXERCISE PROGRAMS 
7.1 INTRODUCTION 
7.2 CONTENTS OF THE PROGRAMS 
7.3 MODIFICATIONS OF THE PROGRAMS 
7.3.1 Times and distances 
7.3.2 Frequency 
7.3.3 Intensity and fitness categories 
7.3.3.1 Walking and cycling programs 
7.3.3.2 Running program 
7.3.3.3 Swimming program 




One of the most elaborate exercise programs to improve physical fitness that 
has been introduced in recent years is that by K.H.Cooper According to 
Cooper the aim of the programs is "to develop a cardiovascular system that 
could tolerate unexpected emergencies and, perhaps, delay the onset of is-
chemic cardiovascular disease" (Cooper, 1968a). 
The exercise programs were first published in 1968 in the book "Aerobics" 
(Cooper, 1968b). In 1970 "The new aerobics" was published in which revised 
and expanded programs were presented, based on experience with the original 
"Aerobics" programs. In 1972 a third book was published by Cooper and his 
wife, called "Aerobics for women", in which special exercise programs for 
women were developed. 
The exercise programs published in "The new aerobics" have (with some 
modifications (6.3.3)) been edited in the Netherlands in the "Trim U Fit"-
brochure (NSF-uitgave nr.49, 1972) by the Dutch Sports Federation (NSF), in 
cooperation with the Dutch Heart Foundation (Nederlandse Hartstichting). 
The brochures have been distributed freely on a large scale to be used by 
individuals or groups as a guideline to imorove physical fitness. 
Our investigation has been based on this Dutch version of Cooper's program. 
The reason why these training programs were made the subject of an 
investigation was that at first glance parts of the programs, especially 
of the cycling programs, seemed to be too strenuous. This was confirmed by 
people who tried to follow them. Therefore the exercise programs for walking, 
cycling and running, the three most common forms of nhysical activity, which 
can be performed without extra expenses or facilities by almost everybody, 
were evaluated with the help of the results of the studies described in 
chapters 2, 3, 4, and 6 on the physiological load during walking, cycling 
and running. If necessary or desirable the programs were adjusted (7.3) and 
the modified programs were tested on their practicability and effect. This 
part of the study is described in the chapters 8 (walking and cycling) and 
9 (running). 
Adaptation of the Cooper swimming programs to breast-stroke swimming instead 
of crawling, which was considered desirable since the majority of the Dutch 
population has learned to swim the breast-stroke but not to crawl, has not 
been carried out. A pilot study, described in chapter 5, showed that it was 
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not possible to predict the enerqy expenditure during breast-stroke swimming 
from the speed with a reasonable accuracy (5.4.1). 
7.2 CONTENTS OF THE PROGRAMS 
Cooper has established age- and sex-dependent minimum standards for cardio­
respiratory fitness, represented by the maximum oxygen uptake (VO^max) (Table 
7.1). For people whose ОрПіах already exceeds this minimum standard, and 
therefore have a (according to Cooper) satisfactory cardiorespiratory fit­
ness, programs were developed to maintain this level. For people whose VO^max 
is below the minimum standard, conditioning programs were constructed to in­
crease their V0?max to a level above the established minimum. 
All exercise programs are based on a points system, according to which 
a number of points is attributed to each exercise depending on the net ener­
gy cost and duration of the activity (Table 7.2). For instance: exercising 
12 minutes with a net energy cost of 7 watt.kg (or 20 ml 0?.min .kg ) 
yields 2 points. Exercising twice as long with the same intensity yields 
2x2 = 4 points. Exercising 12 minutes but with a double intensity (= 14 
watt.kg ) yields Цх5 = 1\ points (Table 7.2). Cooper states that an exer­
cise program of 30 points per week is sufficient to maintain a level of fit­
ness above the minimum standards and claims that 80 per cent of the people 
who follow the progressive conditioning programs and work up to 30 points 
per week reach the minimum standards of fitness (Cooner, 1970, p. 19). 
Cooper developed programs for a number of "aerobic exercises" which 
are "activities that stimulate heart rate and lung activity for a time peri­
od sufficiently long to produce bem'ficial changes in the body" (Cooper, 
1970, p.15), e.g. walking, running, cycling, swimming (front crawl), sta­
tionary running, and handball, basketball and squash. 
For each type of exercise age-adjusted progressive conditioning programs 
have been developed for four separate age groups: under 30, 30 to 39, 40 to 
49, and 50 and over. The 30-point-per-week requirement is the same for all 
age groups, but the intensities of the conditioning programs are adjusted 
to age. Per age group people are grouped into fitness categories according 
to their ОрПіах (Table 7.1). For each fitness category there is a special 
program. 
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TABLE 7.1 Fitness categories for men and women (Cooper, 1970, 1972). 
Cooper's minimum standards for cardiorespiratory f i tness (see 
chapter 7.2) are underlined. 
V02max ( m l . m i n - 1 . k g " 1 ) * 
MEN WOMEN 
< 2 5 . 0 < 2 3 . 5 
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f a i r 
good 
e x c e l l e n t 
very poor 
poor 
f a i r 
good 
e x c e l l e n t 
very poor 
poor 
f a i r 
good 
e x c e l l e n t 
very poor 
poor 
f a i r 
good 
e x c e l l e n t 
* 1 ml 02.min .kg = 0.34 watt.kg 
Cooper described the procedure for entering the program (of which a schematic 
representation is shown in Figure 7.1) as follows (Cooper, 1970, p.47): 
"conditioned" beginners, i.e. people who have been exercising regularly, 
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TABLE 7.2 Basis of Cooper's points system: assigned point value for exer­
cise of d i f f e r e n t combinations of duration and net oxygen cost 
(from Cooper, 1968a). 















* net oxygen cost = t o t a l oxygen cost - rest ing oxygen cost. 
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Schematic representation of the procedure for entering the Cooper exercise 
programs. 
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predict their VCLmax by the distance run during a 12-nnnute test (Cooper-
test, Cooper (1970) p.47). If they pass the test, reaching fitness categorieb 
IV or V, they already have a satisfactory cardiorespiratory fitness (Table 
7.1). They only have to maintain their current level of fitness, which they 
can achieve by following one of the 30-point-per-ueek programs. Those who 
fail the test start, like the "unconditioned" beginners who have not been 
exercising regularly, with one of the age-adjusted starter programs. These 
are programs of 6 weeks duration, in which the intensity of the exercise is 
gradually increased. After following the starter program, tnere are two pos-
sibilities: continuing with the conditioning program for fitness category I, 
or take the 12-minute test, determine tne current level of fitness and pro-
ceed with tne appropriate conditioning program. The conditioning program for 
fitness category I takes 10 weeks, for category II 7 weeks and for category 
III 4 weeks. During tne conditioning period one gradually works up to a 
jcore of 30 points per week, mainly by increasing the duration of tie exer-
cise uouts, while tne intensity is maintained at an approximately constant 
level (Taole 7.3, Cooper's program;. 
The programs for walking, cycling and running are composed of weekly exer-
cise tasks in the form of a certain distance that has to be covered witmn 
a certain time, a certain number of times During the progressive condition-
ing programs the training frequency is 5 times per week (Table 7.3). The 
duration of the exercise bouts depends on the intensity of the exercise In 
the walking program the duration varies between 30 and 60 minutes, in the 
cycling program between 15 and 30, and in the running programs between 10 
and 20 minutes. .Jhen performing the 30-point-per-week program to maintain 
fitness, a choice can be made betv/een different types of exercise and com-
binations of frequency, duration and intensity of the exercise bouts, as long 
as the combination results in a score of 30 points per week. 
7.3 MODIFICATION OF THE PROGRAMS 
A number of modifications have been introduced into Cooper's exercise pro-
grams when this was considered necessary, because the program in its 
original state was impracticable, or when they were judged desirable to make 
the programs easier to use. The principles of the exercise programs, i.e. 
the point system, the age-adjusted progressive conditioning programs for 
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TABLE 7.3 Example of the modifications introduced in the Cooper exercise programs for walking, cycliny and runmntj, ι с 
in those for fitness category III of age group 30-39 (VO, max = 30.2-39.1 ml.min .kg ). The modified running 
-1 -1 program is meant for the group with VO, max * 50.4 ml.min .kg (for explanation see text). 
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different fitness categories and the 30-point-per-week maintenance programs, 
remained unchanged, though the point charts were modified (see 7.3.4). In 
Table 7.3 part of the original exercise program and the corresponding part 
of the modified program are presented. The modifications are representative 
for the modifications introduced in the rest of the program. The modified 
programs for walking, cycling and running as used in the further study are 
added as appendices I, II, and III. 
7.3.1 Times and distances 
The distances that have to be covered are given in the original programs in 
miles. It was considered more practicable to use distances that were multi-
ples of 0.5 km. In certain cases the time goals for a distance only varied 
by 15 to 30 seconds (on a total time of 30 to 60 minutes) between two weeks 
(see for instance Cooper's walking program week 1 and 2, Table 7.3). Such 
small differences in time do not have any significance for the training 
effect on the cardiorespiratory system at this level, and do not show in the 
number of points scored. Moreover, by setting such strict time goals, the 
programs lose their flexibility, which in our opinion should be one of the 
important characteristics of programs like this. Therefore, time goals were 
set at least 5 minutes apart in the walking and cycling programs, and 1 min-
ute in the running program (see modified programs, Table 7.3). 
7.3.2 Frequency 
The training frequency of 5 times per week in the conditioning programs for 
walking and cycling was reduced to 4 times per week in most cases. The reason 
for this reduction was that training 5 times per week during ca 45 minutes 
was considered very demanding and therefore hard to realize. Furthermore, it 
has been shown that training 3 or 4 times per week during 30 to 45 minutes 
may result in a considerable improvement of the V0?max, even if the inten-
sity is not very high (Kilbom, 1971; Knuttgen, 1972; Strauzenberg, 1972; 
Pollock, 1973; Kearney et al., 1976; see also 1.2.1). Since the duration of 
the exercise bouts in the running program was much shorter than in the walk-
ing and cycling programs (10 to 20 minutes), a frequency of 5 times per week 
was considered less demanding and was therefore maintained. 
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TABLE 7.4 VO?max levels and predicted starting intensities of the condi-
tioning programs for the age-adjusted fitness categories accord-
ing to the Dutch version of the Cooper programs. 
Age group Conditioning VCLmax Starting intensity (ml.min .kg ¡ 





























































* 1 ml 09.min" .kg = 0.34 watt.kg 1 
7.3.3 Intensity and fitness categories 
The most important modifications of the programs were introduced in the 
training intensities, for which there were several reasons. In the first 
place, the idea that parts of the exercise programs, expecially of the cy-
cling programs, were too strenuous (the reason to start this investigation, 
see 7.1) was checked. This was done by predicting the starting intensities 
of the conditioning programs, using the equations developed in chapters 2, 
3, 4, and 5, and comparing them with the V0?max levels of the fitness cat-
egories for which the programs were meant. It appeared that the starting 
intensities of the walking programs were often high, near maximal, and in 
the cycling and running programs they were even supra-maximal. This can be 
seen in Table 7.4, where the V0?max levels of the fitness categories and 
the starting intensity of Cooper's conditioning programs for these fitness 
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TABLE 7.5 VO max levels, starting speeds and predicted starting intensities of the modified conditioning programs for 


























































































































" 1 ml 02.in1n .kg"
1
 - 0.34 watt.kg"1 
If the VO^ax Is lower the subject starts with the appropriate walking or cycling program 
categories are shown. 
7.3.3.1 yalking_and_cycling_grograms 
If the fitness categories were to be maintained, the starting intensities 
of the conditioning programs had to be lowered. This was done in the walking 
and cycling programs, where the starting intensities were reduced to a value 
between 50 and 80% of the lower limits of the V0?max ranges of the different 
age and fitness categories (see Table 7.5). An intensity of 50. of the V0„-
max is the minimal intensity that can be expected to produce a training 
effect on the cardiorespiratory system (1.1.2.1). Intensities above 807 of 
the VOpinax were considered too strenuous to start a training program with. 
As discussed in 2.4.2, the factor limiting the walking speed often is 
not the cardiorespiratory condition but rather the condition of the loco­
motor system. Older people may, because of this, not be able to reach speeds 
that are required in Cooper's walking program (6.5-7.0 km.h ) (see also 
Table 2.3). Therefore, alternative programs were developed with lower speeds 
and longer durations, resulting in a comparable point score (Table 7.3). 
The intensities of the cycling programs were lowered to values comparable 
with those in the walking programs (Table 7.3, 7.4). 
The reduction of the starting intensities resulted in a gradual in­
crease of the intensity during the conditioning programs, in contrast to 
Cooper's original programs for walking and cycling, where the intensity re­
mained at approximately the same level during the whole conditioning phase 
(Table 7.3). This made his starter programs, meant especially to get used to 
the exercise by starting with a low intensity and gradually increasing it, 
rather superfluous. Moreover, the starter programs in Cooper's original 
exercise program made, in their turn, the conditioning programs of the lower 
fitness categories superfluous, since the training intensities at the end 
of the starter programs already exceeded the V0?max levels of these fitness 
categories. For instance: the running speed during the last week of the 
running starter program for age group 30-39 (Trim U fit brochure, 1972, ρ 
12) is 8.5 km.h . The predicted energy expenditure is 11 watt.kg" (Figure 
6.1), which is equivalent to an oxygen uptake of 32 ml.min .kg . This 
value is higher than the V09max levels of the fitness categories I (< 22.5 
-1 -1 -1 -1 
ml.min .kg ) and II (22.5-30.1 ml.min .kg ) in this age group (Table 7.1). 
Since the gradual increase of the intensity, which is the most important 
characteristic of Cooper's starter programs, is already incorporated in our 
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modified conditioning programs, we decided to omit the starter programs when 
entering the exercise program. Subjects started immediately with the con-
ditioning program for the fitness category to which they belonged according 
to their initial VC^max, except that those in fitness categories IV and V 
also started with conditioning program III, and not with one of the 30-point-
per-week programs, to prevent them from starting at a high intensity without 
previous exercise experience. Figure 7.2 shows this schematically. Table 7.5 
shows the starting intensities of the different conditioning programs. 
7.3.3.2 Rynning_grogram 
In contrast to the walking and cycling programs, where the starting intensi-
ties of the conditioning programs were adjusted to the V0?max levels of the 
respective fitness categories, the intensities of the running programs re-
mained largely unchanged, but new VCLmax criteria were used to assign the 
subjects to the different conditioning programs (Table 7.5). The reason for 
this different approach was that the minimal intensity during running (9.3 
watt.kg or 27 ml 0?.min~ .kg" at a speed of 7 km.h" (6.1.1)) is already 
higher than the V0?max level of many of the fitness categories (Table 7.1). 
Therefore, no running programs can be constructed for these categories, as 
was done wrongly in the Dutch version of the Cooper programs (Trim U fit 
brochure, 1972). In this respect Cooper's original programs, as published 
'CONDITIONED' AND 'UNCONDITIONED' BEGINNERS 
PREDICTION VO max 













Sahemaiio representation of the procedure for entering the modified exercise 
programs for walking and cycling. 
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in "The new aerobics" (Cooper, 1970), differ from the Dutch version. Cooper 
starts all runmnq programs with walking and only gradually progresses into 
running. The reason why the programs were changed and by who is not clear. 
However, people with a low VCLmax might as well start with the appropriate 
walking or cycling program and only after having reached fitness categories 
IV or V proceed with one of the running programs 
The running conditioning programs I, II, and III of the Dutch version were 
maintained, but the V0?max levels of the groups that had to follow the 
respective programs were adjusted, so that the starting intensity of the 
conditioning program was <80°<. of the VCkmax (Table 7.5). 
7.3.3.3 Swiimnng_[3rogram 
Cooper states that the energy expenditure during front-crawl swirramna at the 
speeds used in his swimming training program is approximately 9 kcal.mm" 
(630 watt) (Cooper, 1970, p.182), which corresponds to the values reported 
in the literature for well-trained swimmers (Pugh, 1960; McArdle, 1971; 
DiPrampero, 1974). However, it has been shown that the energy expenditure 
in untrained swimmers may be considerably higher (30-100%) (Holmér, 1974; 
Kemper et al., 1976). When a SO? higher energy expenditure is assumed for 
untrained swimmers, their energy expenditure will be approximately 945 watt, 
corresponding to an oxygen uptake of 2.8 l.min" . This means that the in-
tensities in the swimming nroqrams are near maximal and in many people su-
pramaximal. In addition it has been shown that the energy expenditure during 
breast-stroke swimming is even higher than during front-crawl swimmma iHnlmSr 
1974;see also chapter 5),and not lower as suggested by Cooper in his book. 
This shows that, besides the fact that it is doubtful whether general train-
ing programs can be developed for swimming because of the large interindiv-
idual variation in energy expenditure (see 5.4.1), the training programs for 
swimming as developed by Cooper are too strenuous for most individuals for 
front-crawl swimming and even more so when used for breast-stroke swimming. 
Only some general indications can be given about the speeds that have to 
be reached during breast-stroke swimming in order to attain a training effect 
on the cardiorespiratory system, but in general speeds between 1.5 and 2.0 
km.h (i.e. 50 meters in 1.5 to 2 minutes) will be effective. These speeds 
correspond to energy expenditures between 9 and 12 watt.kg (or 25-35 ml 
О2.ППП .kg" ), which are comparable to those in the maintenance phase (30-
point-per-week program) of the cycling program. 
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7.3.4 Points system 
Cooper has constructed his exercise programs around a points system proposed 
for measuring the adequacy of the individuals training regime. The points 
system is based on the net energy expenditure and duration of the exercise 
(7.2, Table 7.2). The number of points scored is supposed to reflect the 
training effect on the cardiorespiratory system (V0?max). However, the points 
system is not completely in agreement with what is known about the relation-
ship between intensity, duration and frequency of training and the effect 
on the cardiorespiratory system. It has been shown, for instance, that the 
training effect on the VCLmax depends on the relative intensity of the exer-
cise (" V0?max) rather than on the absolute intensity, which is used as a 
basis for the points system (Table 7.2) (Davies and Knibbs, 1971; Pollock, 
1973). The training effect is also dependent on the initial VCLmax (Shepard, 
1968; Sharkey, 1970; Pollock, 1973; Wenqer and MacNab, 1975), which is not 
taken into account by Cooper's points system. Moreover, the relationship 
between duration or frequency of exercise and the increase of the VCLmax is 
probably not linear (Shepard, 1968; Yeager and Brynteson, 1970; Massie et 
al., 1970; Pollock, 1973; Gettman et al., 1975), as suggested by Cooper's 
points system. 
Massie et al. (1970) who made a critical evaluation of the points system by 
Cooper showed that, when equal durations of activity were compared, the 
energy expenditures needed to earn a given point score differed from one 
form of activity to another; cycling required higher rates of energy expen-
diture than running or walking. Despite these shortcomings, it is very well 
possible that the points system functions in practice, as far as it stim-
ulates people to be active frequently, sufficiently long and with an ade-
quate intensity to produce such a training effect on the cardiorespiratory 
system that it results in reaching and maintaining the minimum standards 
of fitness introduced by Cooper (1970) (Table 7.1). 
Massie et al. (1970) also concluded that the flexibility of the approach, 
allowing the subject to participate in any form of activity or combination 
of activities that appeals to him as long as he reaches the 30 points per 
week, may help to sustain motivation, and allow training to continue despite 
changes in the available facilities and climatic conditions. 
The points system has been used in our study with one modification. 
As shown in Table 7.2, the same point score is assigned to a range of 
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intensities, resulting in a stepwise increasing points system. The upper and 
lower limits of the intensity ranges sometimes are quite far apart. For in­
stance: the point score for exercising with a net intensity between 14.4 
and 25.7 ml CL.min .kg is 2 points per 12-15 minutes (Table 7.2). 
The total oxygen cost (= net oxygen cost plus resting oxygen cost) varies 
then between 18.4 and 29.7 ml 02.min" .kg" (equivalent to, for instance, 
walking at 6 km.h" and 8 km.h" ; Figure 6.1). This means that someone with 
a VOjinax of 35 ml.min kg" earns the same number of points by exercising 
at 50% of his VO^max as by exercising at 80% of his V0?max. This is probably 
quite confusing for him, since working at 80% of his maximum (walking at 
8 km.h" ) is much harder than at 50% (walking at б km.h ) but it does not 
yield more points. Moreover, a distinctly larger training effect may be 
expected from training at 80% of the V0?max than at 50% (Kilbom, 1971; 
Pollock, 1973). 
Cooper motivates his choice for a stepwise points system by stating that the 
point credits represent the slowest performance within each range of speeds, 
so that a certain margin of error is allowed: "It assures that you are get­
ting all the exercise you need for effective conditioning even if there is 
a slight error in your measurement of time and distances" (Cooper, 1970, 
p.162). This reasoning was not considered very valid, since precisely in a 
stepwise points system small errors in measurements of time or distance may 
cause large differences in point scores, if the errors are made near the 
steps. 
Based on the stepwise points system of Cooper a more gradual system was con­
structed (example in Figure 7.3), which was applied in the studies described 
in chapters 8 and 9. 
7.4 SUMMARY 
In this chapter the Cooper exercise programs for walking, cycling, running 
and swimming, developed to improve cardiorespiratory fitness (V0?max), have 
been evaluated and a number of modifications has been introduced and dis­
cussed. 
The swimming program has not been modified because of the large interindivid­
ual variation in energy expenditure during breast-stroke swimming and only 
some global indications about training by swimming have been given. 
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8 0km this study 
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1 1 1 1 
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speed ( km h 1 ) 
.IGU4F 7.3 
Example of Cooper's о гдггаЪ аіерюгзе гпогеавгпд p o i n t s system and the grad­
ually тпагеазгпд system as аррігеа гп the modtfied programs. 
The fol lowing modifications have been introduced in the or ig inal walk­
i n g , cycl ing and running programs, distances have been changed into m u l t i ­
ples of 0 5 km, time goals are given in whole minutes and a l inear points 
system was developed instead of the or ig inal stepwise svstem. The exercise 
frequency in the walking and cycling programs has been reduced and the 
s t a r t i n g in tens i t ies of the conditioning programs have been adjusted to the 
VO^max levels of the age and f i tness categories. In the running program, on 
the other hand, VC^ max levels have been adjusted to the s t a r t i n g in tens i t ies 
of the conditioning programs. 
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In chapter 7 it was discussed why and how the Cooper exercise programs for 
walking, cycling and running, as published in the "Trim U fit"-brochure 
(NSF-uitgave nr. 49, 1972), ./ere modified In this chapter the results in 11 
be presented of a study in which the modified programs for walking and cy-
cling were tested on their effect and practicability by volunteers. 
talking and cycling were combined in one study because the respective exer-
cise programs were very similar in intensity, frequency and duration (7.3.3; 
Appendix I, II). Since the training effect on the cardiorespiratory system 
does not seem to depend on the type of activity as long as large muscle 
groups are involved and intensity, frequency and duration are equal (Pollock 
et al., 1975), comparable effects of the walking and cycling programs are 
to be expected. 
The principal aim of the study was to answer two questions: (1) what 
is the effect of tne modified programs, and (2) are the programs practicable7 
At the same time a sociological study was conducted to investigate the cnar-
actenstics of the volunteers, and their motivation and expectations of the 
exercise program. This study will not be described in detail here, but some 
of the results will be referred to. 
Effect of tue viodLfbed program. The purpose of Cooper's exercise programs 
is to reach and maintain an aerobic power (V0?max) that exceeds age- and 
sex-dependent minimum V0?max levels established by Cooper, which represent, 
according to him, a satisfactory cardiorespiratory fitness (see 7.2). These 
minimum standards are shown in Table 7.1 (underlined values). Therefore the 
effect of the modified programs on V02niax was studied. In addition the in-
fluence on body weight, percentage body fat, and resting and exercise heart 
rate and blood pressure were determined. Tne effect of the exercise program 
on the feeling of physical fitness was also studied. 
Praatbcabtltlj of the modifted programs. The main reason to study the Cooper 
exercise programs in detail was the impression tnat the exercise intensities 
were too high in some parts of the programs (7.1). As described in 7.3.3 
these intensities were lowered and the question was whether the intensities 
of the modified programs were considered right, too low, or too high by sub-
jects performing the programs. Other factors that might make the programs 
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difficult to perform were the high frequency (4 times per week, see 7.3.2) 
and long duration (ca 45 minutes) of the exercise bouts. 
In order to obtain information about the practicability of the exercise 
programs that would also be relevant for the situation in which the programs 
will be normally executed, i.e. by individuals or small groups of individ-
uals without special coaching, we tried to approach this situation as much 
as possiule during the study. This implied tnat the participants exercised 
individually, and jere not actively stimulated, nor commented on their per-
formance by the investigators. The number of subjects that dropped out of 
the program, the amount of exercise performed compared to the prescribed 
amount, and the reasons why subjects stopped exercising or deviated from the 
prescribed program would give information about the practicability of the 
modified programs. 
In an accompanying sociological study, which was carried out by means of 
questionnaires, the practicability of the exercise programs was also a point 
of study. As mentioned before, tne complete sociological study will not be 
described in detail here, but some of the results will be reported. 
Folioj-up otudj. One year after the end of the training period a follow-up 
study was carried out to determine whether subjects nad continued to exer-
cise and what was left of the training effect acquired during the experimen-
tal training period one year before. 
Since the number of subjects that could be handled was limited, the exercise 
programs for only two age groups were studied. The age groups 30-39 and 40-
49 were chosen, because exercise programs of the type under investigation 
seem very feasible for tnese age groups. Many people in these groups are 
mainly sedentary and may have the feeling they should do sometmng about it, 
without being interested in competition or performance as such, and without 
wanting to be tied to a fixed time and place for training like in most or-
ganized sport groups. Tie subjects followed the exercise program over a 
period of 24 weeks. A training period of this length was chosen to obtain 
information about the effect and practicability of the programs over a long-
er period of time. The training was performed during autumn and winter, 
though it \iàs very likely that tne season would affect the results on the 
practicability of the programs, since all activities had to be performed 
outdoors. However, in the spring and summer tne program would probably nave 
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Deen interrupted by holidays of the subjects, which was considered even more 
disturbing. 
8.2 SUBJECTS AND METHODS 
8.2.1 Subjects 
Subjects were healthy men and women between 30 and 50 years of age who volun­
teered to take part in the investigation. From the 195 subscriptions (131 
men and 64 women), in response to a newspaper article about the planned 
study, 83 candidates were selected, divided into four categories: men aged 
30-39, men aged 40-49, women aged 30-39, and women aged 40-49. The candi­
dates were selected in tne order of subscription, provided they did not 
report specific physical complaints. The 83 selected subjects were submitted 
to a medical examination, primarily of the cardiovascular system, at the 
Department of Cardiology of the St.Radboud Hospital, Nijmegen (Dir. Prof.Dr. 
J.Th.С.Vonk). Seven candidates were rejected for medical reasons. Of the 
remaining 76 subjects another 5 eventually withdrew, so that in the end 71 
subjects started training. 18 men aged 30-39, 19 men aged 40-49, 19 women 
aged 30-39, and 15 women aged 40-49 
The subjects were left free to choose whether they wanted to follow 
the walking or the cycling program. Twelve subjects chose to walk and 59 
to cycle. The programs are added as Appendices I and II. 
8.2.2 Design of tue study 
Two months before the start of the training period (TO) tne subjects were 
submitted to a submaximal bicycle ergometer test (Astrand, 1960) as part of 
the medical screening (see 8.2.1). Just before the start of the program 
(Tl), the subjects performed the same test, and it was repeated after 5 
weeks (T2), 12 weeks (T3), 19 weeks (T4), and 24 weeks (T5) of training. 
T5 coincided with the end of the training period. The total training period 
(T1-T5) was subdivided into four smaller periods. T1-T2, T2-T3, T3-T4, and 
T4-T5. One year after the end of the training period (T6) another test 
(follow-up) was performed. 
The bicycle ergometer tests (Tl to T6) were earned out under standardized 
conditions (temperature 18-20 C, relative humidity (40-70%) by the same 
investigator. The work load during the tests was kept constant for each 
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subject. At each test all parameters mentioned in 8.2.3.1 were determined. 
The first test (TO) was primarily meant to obtain an exercise ECG of the 
subjects and only a limited number of parameters (resting and exercise 
heart rate, VC^max (l.min )) were recorded. 
On account of their VO^max determined just before the start of the 
training period (Tl) the subjects were assigned to one of the conditioning 
programs (7.3.3). The same criteria were used for men and women to make 
sure that the relative intensity of the programs was equal in both sexes. 
The 30- to 39-year-old subjects with a VO-max under 22.5 ml.min" .kg" 
started with conditioning program I, those with a VO-max between 22.5 and 
- 1 - 1 30.1 ml.mi η .kg with conditioning program II and those with a V09max 
-1 -1 
over 30.1 ml.min .kg with III. Of the 40- to 49-year-old subjects those 
with a V0,max below 20.5 ml.min .kg started with conditioning program I, 
- 1 - 1 those with a V09max between 20.5 and 26.4 ml.min .kg with conditioning 
- 1 - 1 program II and those with a V0?max over 26.4 ml.min .kg with conditioning 
program III. After finishing the conditioning program the subjects proceed­
ed with a maintenance (30-points-per-week) program (Figure 7.2). 
The general instructions for the performance of the exercise programs 
given to the subjects corresponded to those published in "The new Aerobics" 
(Cooper, 1970). The subjects were free in their choice when and where they 
wanted to exercise, and whether they wanted to exercise alone or together 
with other participants. They were advised to follow the conditioning pro­
grams as strictly as possible, but in the maintenance phase (30-points-per-
week programs) they were free to vary the type of activity (walking or cy­
cling) and the combination of intensity, frequency and duration, as long as 
a total score of 30 points per week was reached. 
Every week each subject completed a list with all activities performed dur­
ing that week (8.2.3.2) and answered a number of questions related to the 
practicability of the program on a second list (8.2.3.3). 
The subjects that dropped out of the program before the 24-week train­
ing period was finished ("quitters") did not participate further in the 
bicycle ergometer tests. They were invited again for the last test (T5) at 
the end of the training period. All subjects ("quitters" and "stayers") 
were invited for the follow-up study (T6), one year after the end of the 
experimental training period (T5). They performed another ergometer test 
and answered a questionnaire (8.2.3.4). 
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8.2.3 Methods 
8.2.3.1 Physi cal _and_exerci s e parameters 
The following physical and exercise parameters were determined at regular 
intervals (see 8.2.2): 
a. body weight (kg) 
b. height (cm) 
с body fat (%) 
The percentage body fat was estimated from the sum of 4 skinfolds (sub-
scapula, triceps, biceps and crista iliaca) according to the tables of 
Durmn and .Jomersley (1974). The skinfolds were measured with a Harpenden 
calliper on the left side of the body. 
d. fatfree mass (kg) 
The fatfree mass (FFM) is the total body mass minus the fat mass. 
e. resting systolic and diastolic blood pressure (kPa) 
The resting systolic and diastolic blood pressure (RStíP and RDBP) were 
determined with the cuff method to the nearest 1.3 kPa (10 mmHg), while 
the subject was sitting quietly on the bicycle ergometer with his feet 
resting on supports at about saddle height. 
f. resting heart rate (n.min ) 
The resting heart rate (RHR) was counted while the subject was sitting 
on the bicycle ergometer. 
The parameters g, h, and ι were determined during a 6-minute submaximal 
bicycle ergometer test according to Astrand (I960). 
g. exercise systolic and diastolic blood pressure (kPa) 
Tne exercise systolic and diastolic blood pressure (ESBP and EDBP) were 
determined by the cuff method to the nearest 1.3 kPa (10 mmHg) during 
the 4th minute of the bicycle ergometer work. 
h. exercise heart rate (n.min ) 
The exercise heart rate (EHR) is the mean of the heart rates counted in 
the 5th and 6th minute of the bicycle ergometer work. 
i. maximal oxygen uptake (l.min or ml.mm .kg or ml.min" .kgFFM ) 
The maximal oxygen uptake (VOjinax) was predicted from the mean exercise 
heart rate during the fifth and sixth minute of a 6-minute bicycle ergo-
meter test at a submaximal work load according to Astrand (1960). The 
predicted V02niax was corrected for age: under 35 years of age no correc­
tion, 35 to 39 years of age correction factor 0.87, 40 to 44 years of age 
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0.83, and 45 years of age and over correction factor 0.78. Exept in liters 
per minute the V0?niax has also been expressed per kilogram body weight and 
per kilogram fatfree mass to allow better comparisons between subjects of 
varying body weight and body composition. 
A submaximal test procedure was used to predict V0?max of the subjects be-
cause testing a group of 71 subjects 5 times maximally would have cost too 
much time. It is known that the submaximal Astrand test gives a valid 
prediction of the mean V0?max in groups of untrained or moderately train-
ed subjects, but that the mean of well trained individuals is overesti-
mated (Pool et al., 1974; Hstrand and Rodahl, 1977). However, the 8strand 
test as a predictor of individual V0?max is less valid: standard deviations 
of 10 to 15/, have been found (Sstrand, 1960; Pool et al., 1974). 
The reproducibility of the Astrand test is high (Pool et al., 1974; As-
trand and Rodahl, 1977) and therefore the test may be used to follow 
changes of VO-max over time, tie wanted to determine the influence of exer-
cise programs on V0?max in a group of relatively untrained subjects and 
for this aim the Astrand test was considered an adequate method. 
j. physical exercise prior to the study 
In the questionnaire the subjects had to answer at the start of the pro-
gram they were asked what kind of physical exercise they already perform-
ed, how frequently and how long. On the basis of these data the subjects 
were divided into three groups: (1) subjects who did not exercise at all 
(n=31), (2) subjects who exercised less than two hours per week, or more 
but on a low-intensity level (for instance recreational walking, cycling, 
tennis) (n=22), and (3) subjects who exercised 2 or more hours per week 
intensively (for instance jogging, competitive sports) (n=18). 
8.2.3.2 PêifÇiïiaDus.DËirÊ'ÏÊÎÇÎS 
The subjects had to note down all their training activities (time and dis-
tance covered) on special lists. Per week one list was completed and every 
four weeks the lists were returned to the investigator. The data of these 
lists viere ordered per training period (see 8.2.2) and several mean values 
were calculated as variables for further analysis: 
a. Frequency (n.week ) 
The frequency is the number of exercise bouts performed per week. 
b. Time per week (mm.week" ) 
The time per week is the total time per week spent exercising. 
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c. Intensity (ml .min .kg or "¿VCLmax) 
The equations developed in 2.3.1.1 and 3.3.1.1 were used to predict the 
-1 2 -1 
energy expenditure during walking (E(watt.kg ) = 1.1 + 0.135v (km.h )) 
-1 ? -1 
and cycling (E(watt.kg ) = 4.0 - О.ЗЗ + 0.027v (km.h )). An energy ex­
penditure of 1 watt was assumed to correspond to an oxygen consumption of 
2.9 ml.mm . The mean speeds during the exercise bouts were calculated 
from the time and distance covered reported by the subjects on the lists. 
In 3.3.3.1 it has been shown that the energy expenditure during cycling 
in traffic is underestimated when the mean speed is not corrected for 
stop times. Though our subjects were advised to choose roads on which 
they were disturbed as little as possible by traffic to reduce stop times, 
some underestimation of the energy expenditure during cycling will have 
occurred by using the mean speed. 
The mean intensity over a certain period of time was calculated as the 
mean intensity of the exercise bouts in this period. The intensity has 
also been expressed as a percentage of the V09max (o£V09max). 
-1 
d. Points (n.week or ^prescribed) 
For each exercise bout a point score was determined according to the 
modified points system (7.3.4) and the total point score for each week 
was calculated. The number of points scored was also expressed as percent-
age of the number of points that would have been scored when the prescrib-
ed program had been executed completely (/»prescribed). 
e. No exercise (/¿weeks) 
Percentage of the weeks in which no exercise was performed. 
8.2.3.3 Pataceters_rei ated_to_gracticabality 
In addition to the list to record training activities, another list had to 
be filled in weekly on which a number of questions related to the practica-
bility of the program of that week had to be answered. Every 4 weeks these 
lists had to be returned to the investigator too. From these lists the follow-
ing parameters have been studied. 
a. Reasons for deviating from the prescribed program 
If the subject did not complete the prescribed program in a certain week, 
he was asked to mark the main reason for this deviation. Seven answer 
categories were distinguished: 1) lack of time; 2) weather conditions; 
3) contents of the program (too light, too strenuous, etc); 4) reasons of 
health (illness, injury); 5) holidays, 6) lack of motivation; 7) other 
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reasons. 
b. Physical complaints 
The subject had to mark weekly on the list whether he had experienced any 
physical discomfort while exercising. The physical complaints were grouped 
into four categories: complaints concerning 1) the muscles; 2) the joints; 
3) the skin; 4) other discomforts. 
c. Subjective experience of the program 
The subjects were asked to indicate how they experienced the program each 
week. This was an open-end question and answers were very diverse. Many 
subjects did not answer the question at all, especially after a few weeks. 
Therefore only a very biased impression about the subjective experience 
could be obtained from this item. 
More information was obtained from the questionnaire (see 8.2.3.4) that 
was presented to the subjects after the end of the training period. The 
subjects were asked to express their opinion about the program and whether 
they would like to propose changes in the program. 
8.2.3.4 Socio^ogica}_study_{guestionnairesj 
As part of the sociological study that was associated with this study (8.1) 
two questionnaires were presented to the subjects, the first one before the 
start of the training and the second after the end. The main points of study 
were the characteristics of the group of participants, their motivation to 
take part in the investigation, their expectations about the program before 
the start, and their opinion about the effect and practicability of the 
program after having followed it. A third questionnaire was presented at the 
follow-up test, one year after the end of the training period. Information 
was asked about whether the subjects were still exercising and whether they 
thought their physical fitness had changed. 
The sociological study was carried out by Joop Thijssen under supervision of 
Dr. N.Nelissen of the Sociological Institute of the University of Nijmegen. 
Some of the results of the study will be reported here. 
8.2.3.5 Statistiçal_analysis 
The following statistical tests were applied in analyzing the data: 
a. Student t-test: to analyze differences between two groups. 
b. Two-way analysis of variance: to examine simultaneously the dependency on 
sex and age for a variable. 
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c. Pearson c o r r e l a t i o n : t o analyze the e x i s t a n c e o f a r e l a t i o n s h i p between 
two v a r i a b l e s . 
d. Student 's one sample t - t e s t ( p a i r e d t - t e s t ) : t o analyze changes over t i m e . 
2 
e. χ - t e s t i n η χ к cont ingency t a b l e : to analyze the ex is tance of a r e l a t i o n ­
ship between tuo categora l systems. 
When v a r i a b l e s were assumed to be dependent on age or sex, f o r each sex the 
TABLE 8.1 Physical and exercise parameters of the subjects (n=71) at the start of 
the training period (Tl). 
Age (years) 
Height (cm) 
Body weight (kg) 
Body fat {%) 




Work load (watt)4 
ESBP (kPa)5 
EDBP (kPa)6 
E'JR (n.mn" 1) 7 
\0,max (l.min"1)8 
- 1 - 1 8 
\0,max (ml.min .kg ) 
1 1 


















































































































































t significant sex difference, + significant age difference (two-way analysis of 
variance, Ρ ·. 0.05). 
1 '-esting svstolic blood pressure; 2. resting diastolic blood pressure, 3. resting 
о 
nea»t rate, 4. work load during submaximal bicycle ergometer test (Astrand, 1960); 
5. evercise svstolic blood pressure; 6. exercise diastolic blood oressure, 7. exercise 
neart rate; 8. maxinum oxygen uptake (oredicted from subnaximal bicvcle ergometer test 
^strand, 1960)1. 
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TABLE 8.2 Participation in physical exercise prior to the start of the 
training period (quantification of exercise see 8.2.3.1.,]) and 
choice for the walking or the cycling program. 
Gtoup 1 (no exercise) 
Group 2 (<2 hours per week, 
low intensity) 


































residuals of the variables with respect to the regression line with age were 
used for further analysis. 
The level of significance was chosen to be 0.05. 
8.3 RESULTS 
8.3.1 Characteristics of the subjects 
In Table 8.1 the initial values of the characteristics, measured at the start 
of the training period (Tl) (8.2.2) of the 71 participants in the exercise 
program are presented. 
Two-way analysis of variance was performed on the variables to examine the 
differences between the two age groups and both sexes. A significant age 
effect was found on the variables body weight, percentage body fat, exercise 
systolic and diastolic blood pressure (whicn were all mgher in the 40- to 
49-year-old than in the 30- to 39-year-old subjects), and V0?max, V0?max per 
body weight and V0?max per fatfree mass (which were significantly lower in 
the older than in the younger age group). A significant sex effect was ap-
parent m all variables except age, resting systolic blood pressure, exer-
cise diastolic blood pressure, V0?max per kg body weight and per kg fatfree 
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mass. 
In Table 8.2 two other charactenstics of the subjects, i.e. their par-
ticipation in physical exercise prior to the training period (8.2.3.1.J) and 
their choice for the walking or the cycling program, are shown. No signif-
icant differences between the four categories of subjects were found. 
In order to examine whether a relationship existed between the partic-
ipation in physical exercise prior to the study and the initial values of 
the parameters in Table 8.1, the residuals of the physical parameters (to 
correct for differences due to sex and age (8.2.3.5)) of group 1 (no exer-
cise) and group 3 (intensive exercise) (see 8.2.3.1.j) were compared. The 
non-exercisers (group 1) showed a significantly higher body weight and per-
centage body fat than the intensive exercisers (group 3). No difference vas 
found in the V0?max of the two groups. 
Student t-tests also showed that there were no significant differences 
in the residuals of the initial values of the physical parameters between 
the subjects who chose for the walking program and those who chose for the 
cycling program. 
8.3.2 Performance of the walking and cycling programs 
Of the original 71 subjects 51 subjects (= 72Í) stayed in the program during 
the total training period of 24 weeks, though the amount of exercise they 
performed varied widely. This group of subjects will be referred to as the 
"stayers", in contrast to the "quitters" who stopped exercising sometime 
during the training period (see 8.3 2.2). 
8.3.2.1 ^Stayers" 
Caaraateristtas of the "stajers". In Table 8.3 the initial values of the 
characteristics of the "stayers" ate shown in comparison to those of the 
"quitters". None of the residuals of the variables (taken to correct for 
differences due to age and sex (8.2.3.5)) differed significantly between the 
"stayers" and the "quitters". 
In Table 8.4 the choice for the walking or cycling program, the participation 
in physical exercise prior to the study (see 8.2.3.1.j), and the age and sex 
of the "stayers" and the "quitters" are shown. No significant differences 
between "stayers" and "quitters" could be demonstrated for these variables. 
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TABLE 8.3 Physical and exercise parameters of the "quitters" and the "stay­




Body weight (kg) 
Body fat (%) 








V09max (l.min ) 
- 1 - 1 
V09max (ml.min .kg ) 
-1 -1 





































































Performance of the exercise program by the "stayers". In Table 8.5 the mean 
values for the performance parameters (see 8.2.3.2) over the total 24-week 
training period (T1-T5) are presented for the total group of "stayers" and 
for the four age and sex categories. On the average the "stayers" exercised 
3.3 times per week during 40 minutes with an intensity of 23 ml 09.min . 
-1 -1 -1 
kg (= 8 watt.kg ), which corresponds to a walking speed of 7 km.h or 
a cycling speed of 19-20 km.h (see remark 8.2.3.2.c). 
The high standard deviations of most performance parameters show that the 
interindividual variation in performance was vary large (Table 8.5). For 
most parameters no significant differences due to age or sex could be demon­
strated. The only parameter that did differ significantly was the intensity. 
The female subjects exercised with a lower intensity than the male subjects 
(21.2 and 25.1 ml.min"1.kg"1, or 52.5 and 59.4% V02max respectively) and 
158 
TABLE 8.4 Age and sex of the "quitters" and "stayers", their choice for 
the walking or cycling program, and their participation in phys-
ical exercise prior to the start of the training period (for 
quantification see 8.2.3.1.J). 
"Quitters" (n=20) "Stayers" (n=51) 
Men 30-39 yr 4 14 
Men 40-49 yr 5 14 
Women 30-39 yr 7 12 
Women 40-49 yr 4 11 
Walking program 3 9 
Cycling program 17 42 
Group 1 (no exercise) 11 20 
Group 2 (<2 hours per week, 
low intensity) 7 15 
Group 3 (>2 hours per week, 
ïïigh intensity) 2 16 
TABLE B.5 Performance parameters over the total training period (T1-T5) for the '•stayers" (n-5]). 
Points (n.week ) 
Points (Ï prescribed) 
Frequency (n.week" ) 
Time per week (mm.week" ) 
Intensity (ml.min"1.kg"1) 
Intensity(t 02так) 




































































































































TABLE 8.6 Performance parameters over the total training period (T1-T5) 
for the "stayers" who followed the walking program and those who 
followed the cycling program. 
talking program (n=9) Cycling program (n=42) 
mean SD mean SD 
Points (n.week ) 
Points (/prescribed) 
Frequency (п.,/eek ) 
Time per week (min.ueek ] 
Intensity (ml.min .kg ) 
Intensity ( Ш 2 т а х ) 
No exercise (%ueeksj 
the 40- to 49-year-old subjects exercised at a higher relative intensity than 
the 30- to 39-year-old subjects (60.2% and 51.7% V02max respectively ) (Table 
8.5). Though the differences in intensity were significant they were probably 
not large enough to produce different training effects in the four groups of 
subjects. 
No significant differences in the performance parameters between those 
"stayers" jho followed the walking program and those who cycled could be 
demonstrated (Table 8.6). 
Table 8.7 shows the mean values of the performance parameters for the 
total group of "stayers" over the four periods into which the total training 
TABLE 8 7 Performance parameters for the total group of stayers (n=51) over the four 
subpenods of the total training period 
T1-T2 TZ-T3 T3-T4 T4-TS 
mean SD mean SD mean SD mean SD 
Points (n week'1) 20 5 8 6 22 1 10 9 IS В 9 2 16 9 119 
Points (% prescribed) 97 8 36 2 73 9 36 7 52 1 30 6 56 0 39 5 
Frequency (n.week"1) 4 1 1 3 3.4 1 9 2 8 1 9 3 0 2 4 
-1, Time per week (mm week" ) 161 43 141 56 111 62 114 69 
Intensity (ml min"1 kg"1) 21 5 4 7 24 7 5 1 22 8 7 0 22 5 8 5 
Intensity (% V0 max) 64 6 12 1 59 0 13 6 53 6 16 β 52 0 19 3 
No exercise (% weeks) 5 4 14 3 14 4 23 4 29 6 28 1 27 0 31 3 
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period (T1-T5; was divided (see 8.2.2). The point score shows that less 
exercise is performed during the last two periods (T3-T4 and T4-T5) tnan in 
the first two periods (T1-T2 and T2-T3) of the training. In the last two 
periods only about 50/. of the prescribed program was performed, while this 
was 98°o and ІЬЪ in the first two periods (points '/¿prescribed, Table 8.7). 
This is mainly due to a decrease in the number of exercise bouts per week 
(frequency. Table 8.7). The mean duration of the exercise bouts (time per 
week/frequency ca 40 minutes) and the intensity did not vary much (Table 8.7). 
The decrease in training frequency, in its turn, is due to the fact that in 
an increasing number of weeks no exercise was performed at all (percentage 
no exercise, from bh in the first period to ca 30"' in the last two periods, 
Table 8.7). 
To examine whether the performance of the exercise program, as repre-
sented by the point score, was related to the pnysical characteristics of 
the subjects at the start of the training period (Tl), correlation coeffi-
cients for the relationship between point score and residuals of the vari-
ables body weight, percentage oody fat and VO^niax at Tl were determined. 
Residuals were analyzed to correct for differences due to sex and age (8.2. 
3.5). None of the correlations reached a significant level. 
The number of points scored was, on tne other hand, significantly higher in 
the "stayers" with a high level of physical activity prior to the training 
period (group 3, see 8.2.3.1.J) than in those who did not exercise (group 1, 
8.2.3.l.j). The mean difference between the two groups was 7 points per 
week. 
As mentioned before, the mterindividual variation in the performance 
parameters was very large. Only 12 of the 51 "stayers" performed the exer-
cise program as prescribed during the total 24-week training period. Table 
8.11 (8.3.3.1) shows the mean values of the performance parameters of this 
group of 12 subjects. As a criterion for complete performance arbitrarily a 
mean score of 25 points per week over the total training period was chosen. 
This group of 12 subjects exercised on the average 3.4 times per week during 
50 minutes with an intensity of 25.7 ml.min .kg or 58.5% V09max (equiva-
-1 -1 
lent to cycling at 21 km.h (see 8.2.3.2.c) or walking at 7.5 km.η ). 
Conclus ¡.о . The mterindividual variation in the performance of the prescrib­
ed exercise program was very large. Tnere were no clear differences in per­
formance due to sex or age, nor between the subjects who followed the walking 
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and those who followed the cycling program. Tnere was no relation between 
the performance of the program and the physical characteristics of the sub­
jects at the start of the training period, but subjects with a high level of 
physical exercise prior to the training period performed in general more 
exercise during the program than those who did not exercise before. The de­
crease in the amount of exercise performed which took place in the second 
half of the training period compared to the first half was mainly due to an 
increase in the percentage of weeks in which the subjects performed no exer­
cise at all, which implies that training was irregular. 
8.3.2.2 "^uitters^ 
Спагасіепзігсь of the "quitLers". The initial characteristics of the "quit­
ters" and "stayers" are presented in Tables 8.3 and 8.4. As mentioned before 
(8.3 2.1) no significant differences were found between these characteristics 
of the "quitters and the "stayers". 
Moment of qut^ti-ng. Figjre 8.1 shows diagrams of the weeks in which the 
"quitters" told the investigator that they had decided to quit the program 
(Figure 8.1.a) and of the weeks in which they had exercised for the last time 
(Figure 8.1.b) The diagrams show that most quitters" (75%) already stopped 
exercising in the first 5 weeks of the training period, but that some of them 
reported only weeks later that they had stopped definitively 
number of subjects 
week of quitt ng 
Π 
- Τ_Πί ι _ ι Ρ _ П-С_П π 
D l a s t t r a i n i n g w e e k 
t i R - - r- r. 
_J I j _ _ n ^ - ^ Ц І _ LrJ , _ T 
4 8 12 16 20 24 
w e e k 
riGUPt 8.1 
Ueck of qui ЬЬгпд (a) and last training oeek (D) of tne "quitters". 
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TABLE 8 8 Changes in physical and exercise parameters between the s 
relative 4(T5-T1)/T1) for the 'stayers For symbols see 
MEN 30-39 yr MEN 
ΔΤ5-Π AT5-T1(I) ΔΤ5-Τ1 
Body weight (kg) 
Body fat (X) 
Fatfree mass (kg) 
RSBP (kPa) 
RDBP (kPa) 
RHR (n mm" 1) 
ESBP (kPa) 
EDBP (kPa) 




<мх (яі Шп'Чкд" 1) 















































































t (Tl) and the end (T5) of the training period (absolute ЛТ5 TI and 
le β 1 
-49 yr WOMEN 30-39 yr ΜΟΜΕΉ 40 49 yr 























































































































































• significant age difference 1n 4T5-T1 (two-way analysis of variance, ρ ' 0 05) No significant se» differences were found 
TABLE 8.9 Changes in physical and exercise parameters between the start ¡Tl) and the end (7b) of the 
training period (absolute ΛΤ5-Τ1 and relative л(Т5-Т1)/Tl)for the "stayers" who followed 
the walking program and those who followed the cycling program. For symbols see Table 8.1. 
_-!> 
Body weight (kg) 
Body fat (%) 








' - 1 - 1 






















































































































ι significant difference between "walkers" and "cyclists" (Student t-test, ρ - 0.05). 
TABLE 8.10 Changes in physical and exercise parameters between the start (Tl) and the end (TS) 
of the training period (absolute /T5-T1 and relative /•(T5-11)/T1 ) for the "stayers" 
and the "quitters" For symbols see Table Θ.1 
Body weight (kg) 
Body fat (ϊ) 








- 1 . 
- 1 , 
-max (l.min ) 
(ml .mm k i f 1 ) 
VO ,max (ml.min" .kg FFM" 
STAYERS (n=51) QUITTERS (n-lB) 
ΔΤ5-Τ1 Λ(Τ5-Τ1/Τ1)(ί) ΛΤ5-Τ1 ' (T5-T1/T1)( ' ) 

































































































Two of the 20 " q u i t t e r s " d id not show up at T5. 
χ s i g n i f i c a n t change (4T5-T1) in the " s t a y e r s " , • s i g n i f i c a n t chanqe (-TS-Tl) in ihr " q u i t t p r s " 
(Student 's one sample t - t e s t (p < 0 . 0 5 ) . 
о s i g n i f i c a n t d i f f e r e n c e i n change (;T5-T1) between " s t a y e r s " and "<|ui U ' T ' , " (Stuilciit l - l i - . i , 
η - 0.05) 
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8.3.3 Effect of the walking and cycling programs 
8.3.3.1 EffêÇt_on_ghysica2_and_exercise_2arameters 
In Table 8.8 the changes in the physical and exercise parameters between the 
start (Tl) and the end (T5) of the exercise program are presented for the 
four age and sex categories of the "stayers". Two-way analysis of variance 
was performed to investigate the dependency of the changes on sex and age. 
No significant differences due to sex were found. Age only affected the 
change in exercise systolic blood pressure (ESBP) significantly, but the 
difference was small (+0.8 kPa in the 30- to 39-year-old and -0.5 kPa in the 
40- to 49-year-old subjects) in relation to tne accuracy of the blood pres-
sure determinations (1.3 kPa, see 8.2.3.l.e.g) and in addition not inter-
pretable, so that it was not considered relevant. It was concluded that the 
effect of the exercise program on the physical parameters was comparable in 
the four age and sex categories. 
In Table 8.9 the changes in the physical and exercise parameters for 
the group of "stayers" who followed the walking program and those who follow-
ed the cycling program are shown. The differences between the changes in 
body weight and in fatfree mass are significant. The "walkers" show a slight 
increase in body weight and fatfree mass, the "cyclists" a decrease. The 
percentage body fat does not change significantly in either of the two groups. 
In Table 8.10 the changes of the physical and exercise parameters for 
the total group of "stayers" and those for the "quitters" are presented. Two 
of the "quitters" did not show up at the final ergometer test at T5, so that 
their number is reduced to 18. In the group of "stayers" the following 
changes were significant: resting diastolic blood pressure (RDBP) (a decrease 
of 0.7 kPa), resting heart rate (RhR) (a decrease of 3.5 beats per minute), 
exercise diastolic blood pressure (EDBP) (a decrease of 0.9 kPa), exercise 
heart rate (EHR) (a decrease of 8.3 beats per minute) and i^max (an in-
crease of 0.38 l.nun , or 5.5 ml.mm" .kg" , or 8.0 ml.mm .kg FFM ). 
In the "quitters" a significant increase in the percentage body fat with 
l^o and a significant decrease in exercise diastolic blood pressure (EDBP) 
of 0.9 kPa were found. The changes in percentage body fat, resting heart rate, 
exercise heart rate, V0?max, V0?max per body weight and VO^max per FFM differ-
ed sngmficantly between the "stayers" and the "quitters". 
Correlation coefficients were determined for the relationship between 
the performance of the exercise program, as represented by the point score 
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TABLE 8.11 Performance and changes in the physical and exercise parameters 
between the start (Tl) and the end (T5) of the training period 
for the subjects (n=12) that executed the prescribed exercise 
program completely. For symbols see Table 8.1. 
Points (n.week ) 
Points (^prescribed) 
Frequency (n.week ) 
Time per week (min.week ) 
Intensi ty (ml.min .kg" ) 
Intensi ty (%V02max) 
No exercise (/¿weeks) 
Body weight (kg) 
Body fat {%) 







V07max (l.min" ) 
- 1 - 1 








































































(see 7.2), and the changes in the physical and exercise parameters(ΔΤ5-Τ1) 
for the "stayers" (n=51). Significant positive correlations were found be­
tween point score and changes in V09max (in l.min r = 0.37, in ml.min . 
-1 -1 -1 
kg r = 0.36, in ml.min .kgFFM r = 0.30) and a significant negative 
correlation with the change in exercise heart rate (r = -0.30). 
Table 8.11 shows the changes in the physical and exercise parameters 
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VO
 2 max (ml mm ! kg FFM ι ) 
62 -
19 24 week 
( T4 ) ( T 5 ) 
FIGURE 8.2 
-1 . -1 -Ί 
Maximum oxygen uptake (VOpmaxi in l.min , in ml.min .kg of body weight 
and in ml.min~l.kg~l of fatfvee mass (FFM) of the "stayers" at ΊΊ till T5 
(φ) and of the "quitters" at Tl, T2, and T5 (o). 
between Tl and T5 for the group of "stayers" that performed the exercise 
program as prescribed (n=12) (8.3.2.1). The changes in diastolic blood pres­
sure were the same as for the total group of "stayers", but the decrease in 
resting and exercise heart rate and the increase in V0?max were more pro­
nounced (Table 8.10, 8.11). 
In Figure 8.2 the course of the changes in VC^ niax during the training 
period are shown. For the "quitters" only the values at Tl, T2, and T5 are 
given, since most of the "quitters" did not perform the submaximal ergo­
meter tests at T3 and T4 (see 8.2.2). 
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The largest increase in VO?max in the "stayers" is found in the f i r s t weeks 
of the training period (T1-T2) In the second half (T3-T5) the V0?max does 
not change significantly (Figure 8 4). This was to be expected since all 
subjects had reached the maintenance program by then, so that the exercise 
load was not increasing any more The 'qui t te rs" show an increase in V0?max 
in the f i r s t 5 weeks of the program (T1-T2) which is comparable to that of 
the 's tayers" in the same period (Figure 8.2), although the amount of exer-
cise the "qui t ters ' performed was smaller than that of the "stayers (11 2 
points per week compared to 20.4 points per week). No significant correlation 
between point score and change in VCLmax between Tl and T2 for the total 
group of subjects was found 
8 3 3.2 Eff§Çt_on_feeling_of_phYS^cal_f^tness 
In the questionnaire that was presented to the "stayers" at the end of the 
training period they were asked whether they had the feeling that their 
physical fitness had changed under influence of the exercise program At 
that moment the subjects did not know the results of the bicycle ergometer 
tes t at T5 Figure 8 3 shows the change in aerobic power (VO^max) in rela-
tion to the change in the feeling of physical fitness The group of subjects 
that had the impression that their physical fitness had increased (n=30) 
showed a mean increase of their VCLmax of 15. li. Those who fel t their phys-
ical fitness was unchanged (n=17) increased on the average 15 4% in VCUmax. 
fee l ing of physica l f i t n e s s — — - i 
+ CD О c f OOO (ЙООО Ób Œ O O O O O О О 
О о оо сЯА o o o o t o о о о 
- о о 
10 О 20 40 60 SO 100 
Δ V0 2 max ( Т5 Τ, ìfT'I. 
FIGURE 8. δ 
Changes гп ГО^дам: per кд body wevght betweer the start (II) and the end (15) 
of the tvaxmng perbod (M5-L l/Tl (%)) and the feelbng of phybioal fztness 
(increase +, the same O, de er с ase -) f o ν th^ "stayers". 
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This indicates that subjects who increased their VCLmax did not always feel 
their physical fitness had increased, and subjects who felt their physical 
fitness had improved did rot always show an increase in VC^max. 
8.3.4 Practicability of the walking and cycling programs 
8.3.4 1 Reasons_for_deviating_froni_the_grescribed program 
As shown in 8.3.2.1 (Tables 8.5, 8.7) the prescribed exercise program has 
not been executed completely by the "stayers". All subjects deviated one or 
more times from the prescribed program, with a mean of 12 times (= 50% of 
the weeks). 
Table 8.12 shows in which percentage of the weeks in which the subjects de­
viated from the prescribed program a certain reason for this deviation was 
mentioned and by how many of the subjects. Lack of time appears to be the 
main reason (ЗІ.Э^ of the cases), indicated by 75» of the subjects. In 20 
of the cases the reason was illness, which was mentioned by 73^ of the sub­
jects The third reason was the weather (11.9°« of the cases), mentioned by 
55% of the subjects (Table 8.12). 
TABLE 8.12 Reasons for deviating from the prescribed exercise program as 
percentage of the total number of weeks in which deviations 
from the program occurred (% weeks), and the number of "stayers" 
that indicated the reason one or more times. 
Percentage of total Number of 
deviations (', weeks) "stayers" 
Lack of time 31.9 38 (75%) 
Weather conditions 11.9 28 (55%) 
Contents of program 7.3 9 (18%) 
Illness 20.0 37 (73%) 
Holidays 5.6 21 (41/o) 
Lack of motivation 2.2 8 (16%) 
Other reasons 1.3 6 (12%) 
No reason indicated 19.8 30 (59%) 
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8.3.4.2 R§§sons_for_guitting 
In the questionnaire which the "quitters" had to answer after they had in-
formed the investigator of their decision to quit the program, they were 
asked to indicate the reason or reasons why they quit. Thirteen of the 20 
"quitters" mentioned lack of time, 9 the bad weather, 2 were ill, 2 suffer-
ed from injuries and 3 had lost interest and motivation to exercise. 
8.3.4.3 Physical^comglaints 
In Table 8.13.a the number of "stayers" in each of the four age and sex 
categories that one or more times mentioned certain physical discomforts 
are presented. No significant differences between the four groups could be 
demonstrated. Sixty-three percent of the "stayers" complained one or more 
times. The complaints about the muscles concerned mainly general soreness 
TABLE 8.13 Number of subjects ("stayers", n=51), complaining about physical 
discomfort while performing the exercise program and the type 
of complaints, for the four age and sex categories (a) and dur-
ing the total training period and the four subperiods (b). 
a. 















































































of the leg muscles. Pain in the knees and the back were the principal joint 
complaints. Skin troubles (saddle soreness) were only found in the cyclists. 
The other complaints were miscellaneous, e.g. headache, bellyache, cold, 
nausea. Except for the saddle soreness, no significant differences in the 
complaints between those who followed the walking program and those who 
cycled were found. 
Table 8.13.b shows that the number of complainers is highest in the first 
part of the training period (T1-T2) and decreases gradually. Complaints 
about muscular discomfort and saddle soreness in the second half of the 
training period (T3-T5) were mainly mentioned by subjects who exercised 
very irregularly. The complaints about joints that continued into the sec­
ond half of the training period were due to old injuries that already exist­
ed before the start of the exercise program. The complaints due to the exer­
cise were never so serious that the subject had to stop exercising. In two 
cases old injuries aggravated and forced the subjects to quit the program 
(see also 8.3.4.2). 
8.3.4.4 Subjecti уе_ех[эегіепсе 
The subjects were asked to indicate weekly on their list how they had ex­
perienced the program of that week (8.2.3.3.c). In the first weeks 20% of 
the subjects found the programs very light or too light, no one reported 
that they were too strenuous. After the first four weeks no further comments 
about the intensity of the program were made. Most subjects stopped comment­
ing on the program completely. 
From the questionnaire presented to the subjects after the end of the train­
ing period (8.2.3.4) the following information was obtained: 75% of the 
"stayers" (n=47) found the 30-points-per-week programs time-consuming, 570/ 
found them monotonous, 57» hard and 90% enjoyable. Forty-seven (= 64%) of 
the total 71 subjects answered the question whether they would like to see 
changes in the exercise programs affirmatively. Eighteen subjects would 
like to exercise less frequently. In addition 2 subjects preferred lower 
and 5 subjects higher intensities. When asked how frequently and how long 
the subjects would prefer to exercise the average was 3 times per week for 
30-45 minutes. This is in agreement with what the "stayers" actually did 
during the exercise program (Table 8.5), but less than they were supposed 
to do (see Appendices I and II). 
Seventeen of the 71 subjects (= 24%) would like more variation in the types 
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of exercise, 12 subjects (= 17%) would have preferred to exercise indoors 
because of the unfavourable weather conditions, and 25 subjects (= 35%) 
would prefer to exercise in groups (at least once a week), for which they 
indicated the following reasons: more mutual checking and stimulation, more 
variation, more social contacts and more competition. 
8.3.5 Follow-up study 
All subjects, except the two "quitters" that already refrained from further 
participation at T5 (see 8.3.3.1), i.e. a total number of 69 subjects, were 
invited for the follow-up study one year after the end of the training pe­
riod. Thirteen of the 69 subjects (= 19%), 10 women and 3 men, did not show 
up for the follow-up test. The 3 men could not come because they were ill, 
TABLE 8.14 Changes in physical and exercise parameters between T6 and T5 (/T6-T5) and 
between T6 and ΤΙ (ΔΤ6-Τ1) for the "quitters" and "stayers". 
For symbols see Table 8.1. 
Body weight (kg) 
Body fat {%) 
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ι significant change (ΔΤ6-Τ5) in the "quitters", * significant chanqe (лТ6-Т1) in the "quitters" 
о significant change (ΔΤ6-Τ5) in the "stayers" , ж significant change (/T6-T1) in the "stayers" 
(Student's one-sample t-test, ρ * 0 05). 
t significant difference in change (ΔΤ6-Τ5) between the "quitters" and the "'.tayers" (Student 
t-test, ρ < 0.05). 
No significant differences in change (лТб-ТІ) between the "quitters" and the "stayers" wpre 
found (Student t-test, ρ ' 0.05). 
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and 2 of the women were preqnant; the other 8 wonen had no special reason 
not to come. Six of the group of thirteen subjects were "quitters" and seven 
"stayers". 
8.3.5.1 Performance 
The subjects were asked at the follow-up study whether they were still exer-
cising (apart from the exercise they already performed before the study), and 
if so how frequently and how long. Fifteen of the 56 subjects (= 27«) had 
continued to exercise after the end of the experimental training period. They 
all belonged to the category of "stayers". Thirteen of them had continued to 
cycle or walk, two changed to other activities (running, table tennis). On 
the average they exercised 3.6 times per week during 38 minutes. 
8.3.5.2 Physical and_exercise_parameters 
Table 8.14 shows the changes in the physical and exercise narameters between 
T5 and T6 (the period between the end of the training period (T5) and the 
follow-up study one year later (T6)),and between T6 and Tl (the start of the 
training period) for the "stayers" and the "quitters". Table 8.15 shows the 
same for the "stayers" who continued to exercise after the end of the train-
ing period and those who stopped. 
Between T5 and T6 the "quitters" and "stayers" both show a significant de-
crease in fatfree mass and increase in resting and exercise diastolic blood 
pressure (RDBP and EDBP). In addition the "stayers" showed a significant in-
crease in body weight, percentage body fat and exercise heart rate (EHR) and 
a decrease in VCLmax. The changes in body weight, percentage body fat and 
VCUmax differed significantly between the "stayers" and the "quitters" 
(Table 8.14). Those "stayers" who stopped exercising after T5 and those who 
continued did show no significantly different changes in the variables 
(Table 8.15). 
When comparing the changes between Tl and T6 for the "stayers" and the "quit-
ters", both groups show a significant increase of their nercentage body fat 
and decrease of their fatfree mass (Table 8.14). In addition the "stayers" 
have a significantly higher VCUmax at T6 than at Tl, which is probably due 
to those "stayers" that continued to exercise (Tables 8.14 and 8.15). How-
ever, the difference in the changes of the physical and exercise parameters 
between Tl and T6 between the "stayers" that continued to exercise and those 
who stopped exercising are not significant. 
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TABLE 8.15 Changes in physical and exercise parameters between T6 and T5 (fT6-T5) and between T6 
and ΤΙ (ΔΤ6-Τ1) for the "stayers" who stopped exercisinq after the end of the traimn'j 
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ι significant difference In change (лТб-ТІ) between those who stopped and those who continued 
exercising (Student t-test, ρ < 0.05). No significant differences in chanqe (ΛΤ6-Τ5) werp fnurirl 
between the groups. 
8.3.5.3 Feeling_of_2h^sica]_fitness 
In the questionnaire the subjects had to answer, they were also asked whether 
they had the impression that their physical fitness had increased, decreased, 
or remained the same compared to their feeling of physical fitness at the 
end of the training period (T5). Of the "stayers" that continued to exercise 
(n=15), 10 (= 67%) had the feeling that their physical fitness was unchanged, 
and 5 (33%) thought it had decreased. Of those "stayers" who did not con­
tinue to exercise (n=29) 9 (= 31%) thought their fitness was the same, 20 
(= 69%1 thought it had decreased. The change in feeling of physical fitness 
between T5 and T6 was not significantly correlated with changes in VO^max, 
but it was with changes in percentage body fat (r = 0.42) and body weight 
(r = 0.29). Those who had the feeling that their physical fitness had de­
creased showed a larger increase in body weight and percentage body fat than 
those who did not. 
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8.3.5.4 Reasons_to_stog_exerei s ing 
Table 8.16 shows the main reasons why the subjects did not continue to exer-
cise after the end of the training oeriod. The most indicated reason was 
"lack of time" (29%), which was mentioned by 58% of the "quitters" and 17% 
of the "stayers". For four of the "stayers" (14%) the fact that they were no 
longer coached was the reason to stop exercising. Other reasons mentioned, 
by "quitters" as well as "stayers", were lack of motivation (20A) and reasons 
of health (12%). Six of the subjects (14%) did not indicate the reason why 
they had stopped exercising. 
No significant differences were found in the residuals of the physical 
parameters at Tl, T5, and T6 between the "stayers" that continued to exer-
cise and those that stopped exercising. Thus, the choice to continue or to 
stop exercising does not seem to have been associated with certain physical 
character!sties.Neither was there a clear difference in age or sex of those 
who continued to exercise and those who stopped. 
TABLE 8.16 Reasons indicated by the subjects to stop exercising after the 
experimental training period. 
Lack of time 
Lack of motivation 
No coaching 
No results 
Health (illness, inj 
Other reasons 






























8.4.1 Characteristics of the subjects 
The effect of age on the initial values of the physical parameters (8.3.1, 
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Table 8.1) is in agreement with the trends generally found for older people: 
a higher body weight and percentage body fat (Oscai, 1973), and a lower 
V02max (Bink, 1965; Binkhorst et al., 1965, Τ ι miners, 1969; A
s t r a n d a n d R
°
d ahl, 
1977). Tne values for the exarcise systolic and diastolic blood pressures 
(E5BP dpd EDiiP) are not comparaale between tne two age groups, because the 
\'ork loads duting the exercise tests were not the same in the two groups 
(Table 8.1j. 
The differences in height,boay weight, percentage uody fat, fatfree mass, 
resting blood pressure and neart rate found uetween the male and female suo-
jects (8.3.1, Taule 8.1) agree uitn tne known sex differences for tnese para­
meters (Astrand and Rodanl , Ώ77). Generally it is found tnat tie V0?max per 
kg body weight in women is approxinately 80« of tnat in men of tie same age 
(ftstrand, 1960; Cotes et al., 1Э69, Drinkwater, 1973, Seliger and öartunek, 
1976). The ОрП.ах per kg body weignt of our female suojects was more than 
90% of tnat of the male subjects in our study (Taole 8.1). The difference 
between the male and female subjects was not significant (8.3.1;. 
In Table 8.17 the mean values of height, body weignt and V0?max for 
samples of the Dutch male professional population between 30 and 50 years of 
age collected in tnree other studies are presented. The V0?max data in tnese 
studies were obtained from maximal tests. Although our values were predicted 
from submaximal tests the mean predicted value of a group of subjects prob­
ably does not deviate nucn from tne actual mean (8.2.3.1.J). It seens that 
the male subjects in our study, especially those jetween 30 and 39 years of 
age, were somewhat better trained cardiorespiratonly than the men in tne 
three other studies (Table 8.17). 
No V0?max data are available for Dutch wonen in this age group, but tne state 
of training of the cardiorespiratory system of our female subjects seems to 
be comparable with that of the men, since they have approximately the same 
V02nax per kg fatfree mass (Table 8.1). 
The reason for the somewhat higher V0?max in our subjects compared to the 
samples from the Dutch population is probably that the subjects were volun­
teers, which may have caused a positive selection with respect to physical 
fitness (Sidney and Shepard, 1978). 
Mo significant difference in the initial V0?max was found between the 
subjects who did not exercise prior to the start of the training period and 
those who exercised 2 or more hours per v/eek intensively (8.3.1), which 
shows that it is not possible to estimate V0?max from the data of simple 
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TABLE 8.17 Height, weight and VCLmax of healthy Dutch males between 30 and 






















































































V0?max measured in maximal tests; V0?max predicted from submaximal 
tests (Sstrand, 1960). 
questionnaires on physical activity during leisure time. 
8.4.2 Performance of the walking and cycling program 
The amount of exercise performed by the "stayers" varied widely (8.3.2.1, 
Table 8.5). Only 12 subjects (17" of the total number of subjects (n=71); 
24% of the "stayers" (n=51)) executed the program as prescribed (8.3.2.1, 
Table 8.11). The subjects were not stimulated to exercise more üben they did 
less than prescribed. The amount of exercise performed, as reflected in the 
point score, is not significantly different between the age groups and the 
sexes, or between the subjects who walked and those who cycled (8.3.2.1). 
The point score was, however, significantly correlated with the level of 
exercise prior to the training period: the already more active subjects also 
performed more exercise during the program (8.3.2.1). The subjects were asked 
to maintain their previous level of physical activity during the training 
period and to add the exercise program. We have no information whether the 
subjects indeed did this. The average amount of exercise performed by the 
"stayers", i.e. 3.3 times per week 40 minutes at 56% of their УОупах, which 
177 

























































tithe indi icated training program. 



































































































































































































































• (1) Hanson et al. (1968); (2) Kllbom et al. (1969); (3) Pollock et al. (1971); (4) Pollock et al. (1972); (5) Pollock et al. (1975). 
(6) Pollock et al. (1976); (7) Ò'rlander (1977); (8) Smith and Stansk;- (1975); (9) Smith and Stansky (1976); (10) this study. 
running; g* games; w=walking; j· jogging; be1 bicycle ergometer; s» swinming; c= cycling. 
may be somewhat underestimated (see 8.2.3.2, Table 8.5), may be expected to 
produce a significant training effect on the cardiorespiratory system (see 
1.1.2.1). However, according to Cooper the number of points scored per week, 
i.e. 18.8, is not sufficient to maintain a satisfactory level of fitness for 
which he states a total number of 30 points per week is required (Cooper, 
1968b; 1970). 
8.4.3 Effect of the walking and cycling programs 
8.4.3.1 Effect_on_ghysical_and_exercise_garan)eters 
Body weight and body composition. Most training studies show no changes or 
only a slight reduction in the percentage of body fat in normal-weight adults, 
either with or without changes in body weight (e.g. Oscai, 1973). Examples 
are shown in Table 8.18, where results of a number of training studies com-
parable to our study are presented. The results of our study: no significant 
changes in body weight or percentage body fat in the "stayers" (8.3.3.1, 
Table 8.10, also Table 8.18) are in agreement with this general finding. 
From the amount of exercise performed in our study it can be calculated that 
no large changes in body composition were to be expected from the exercise 
performed. The "average stayer", weighing 70.5 kg, exercised 126 minutes per 
week with an intensity of 23.2 ml 0?.min .kg or 8 watt.kg" (Table 8.3 
and 8.5). The net total energy cost of the exercise program (= total energy 
cost minus resting energy cost) over the total 24-ueek training period was 
therefore approximately 83,000 kJ. Assuming that 1 kg body fat corresponds 
to 29,300 kJ, the maximal loss of body fat that might be expected from the 
exercise alone is ca 3 kg. However, this maximum will only be found when no 
energy is consumed to compensate the expended energy. Oscai (1973) mentions 
a number of studies which seem to indicate that indeed no compensation may 
occur because the exercise programs had no effect on appetite and food in-
take. In our study five of the "stayers" said they ate more during the train-
ing period than before, forty-four ate the same and two of the "stayers" ate 
less because they were following a diet to lose body weight at the same time. 
However, the actual food intake before and during training was not determin-
ed. Although no significant changes in body weight or body composition were 
found in the "stayers", the percentage of body fat in the "quitters" in-
creased significantly (8.3.3.1, Table 8.10). It is possible that the fact 
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TABLE 8.19 Schematic representation of interrelationship of various central and і>(.-гі|>Ыта1 circulatory adaptive thamies 
at maximal (A) and submaximal (В) exercise induced by physical condìtioninq (from Clausen, 197/) 
Improved performance of 
the heart 
Central Increased intrinsic 
adapta- contractility 
tions Hypertrophy (?) 
Other systemic training 
effects (?) 
Peripheral Increased oxidative 
adapta- metabolic capacity in 
tions skeletal muscles 
Other local effects (?) 
ь 
A. MAXIMAL EXERCISE 
Maintained mean arterial 
pressure 
Reduced sympathetic 
stimulation of resistance 
vessels in skeletal 
muscles 
"Increased maximal vascular 
conductance in skeletal 
muscles 
Increased oxygen extraction 























In skeletal musei 
Other local effects 
ity [_. 
cles Г ^ 
s (?) J 
В. SUBMAXIMAL EXERCISE 
f Reduction in basal heart 
rate setting 
Reduced sympathetic outflow 
to the heart and periph-· 
eral resistance vessels 
Increased oxygen extraction 
and reduced blood flow · 
in exercising muscles 
-^Reduction in heart 
rate 
Increase in per-
afusión of abrjrjminal 
viscera and other 
nonexercising fissues 
Increase in stroke 
volume 
"""* Unchanged r<irdi,i( 
-^ o u t p u t rind n/ygeri 
upt rike 
that the "quitters" increased in body fat while the "stayers" did not is not 
related to the exercise program, but it is also possible that this differ-
ence between "quitters" and stayers" is a result of the exercise program. 
This point will be discussed later (8.4.4). 
ResiTiLg and exercise heart rate and blood pressure. A training program of 
dynamic exercises with large muscle groups of sufficient intensity results 
in central and peripheral adaptations which are related to the degree of 
stress imposed on the heart and the skeletal muscles, respectively. 
Clausen (1977) reviewed a great number of studies on the adaptations 
induced by physical training and in a schematic representation (reproduced 
in Table 8.19) he summed up the possible central and peripheral adaptations 
during maximal and submaximal exercise. The central adaptations that occur 
with training produce a reduction in the basal heart rate setting, partly 
by an improved performance of the heart, which shows in an increased stroke 
volume, and probably also partly by a shift in the balance between the sym-
pathetic and parasympathetic activity in the heart towards a greater dominan-
ce of the parasympathetic component. This reduction in basal heart rate set-
ting shows in a decrease in resting heart rate. In agreement with this fact 
a significant reduction of the resting heart rate was found in our study 
(8.3.3.1, Table 8.10, 8.18), as in the other training studies presented in 
Table 8.18. On top of this reduction of basal heart rate setting an extra 
reduction of the heart rate during submaximal exercise is found, due to some 
unknown peripheral effects resulting in a reduced sympathetic stimulation 
of the heart. This means that the relationship between heart rate and oxygen 
consumption after training has a less steep slope than before training, so 
that the reduction of the heart rate during submaximal exercise is larger 
than the fall in resting heart rate. The results of our study are in agree-
ment with this (Table 8.10). 
The mean arterial blood pressure in rest and during exercise is most 
often the same or slightly reduced after training (Kilbom, 1971, Pollock, 
1973, Clausen, 1977), which means that the total peripheral resistance is 
largely unaffected by training since cardiac output does not change either. 
Although in our study a significant decrease in diastolic blood pressure was 
found in the "stayers", which was comparable to the decreases found in the 
other training studies presented in Table 8.18, this same reduction was also 
found in the "quitters" (table Suo)· Therefore, it was probably not an 
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effect of the exercise performed (8.3.3.1). A possible explanation may be 
that the decrease in diastolic blood pressure is a result of the repeated 
testing (see also 8.4.4). 
Чахітаі oxjjt" optase ( О
п
тах). The scheme of Table 8.19 (from Clausen, 1977) 
shows that physical training induces an increase in maximal oxygen uptake, 
which is the result of the combined effect of an increased maximal cardiac 
output and an increased oxygen extraction in the skeletal muscles. The in­
creased cardiac output is probably the result of an improved performance of 
the heart and a reduction of the peripheral resistance. The magnitude of the 
increase of VCLmax depends on the stress imposed on the body by the training 
(see also 1.1.2.1). 
In the total group of "stayers' (n=51) an increase of the V07max by 
-1 -1 
5.5 ml.min .kg or 12.5/ was found (Table 8.10). In the subjects who per­
formed the exercise program as prescribed (n=12) a mean increase of 8.9 ml. 
min .kg or 17.4u was found (Table 8.11). The increase in VfUmax was larg­
est in the first weeks of the training period (8.3.3.1, Figure 8.2). The 
increase between Tl and T2 was probably not influenced by habituation to the 
test situation, because the difference in V09max between TO (the test during 
ti 
the medical screening) and Tl was 0.08 l.min and not significant. The cor­
relation between the point score and the increase in ОрПіах was, though sig­
nificant, not very high (r = 0.3 - 0.4, 8.3.3.1). In the first part of the 
training period (T1-T2) no significant correlation was present at all (8.3. 
3.1). This may be due to the fact that the point score does not describe the 
training stimulus on the cardiorespiratory system very adequately (see also 
7.3.4), but another reason may be that the reaction to a certain training 
stimulus is very variable, depending on the initial level of fitness, pre­
vious level of activity, hereditary factors, etc (Pollock, 1973). 
In Table 8.20 the effect on V0?max in a number of other training studies 
which are more or less comparable to our study is given. In most studies an 
increase between 10 and 20% is found, and the results of our study are in 
agreement with these findings. 
Sex and age. No imoortant differences in performance of the exercise program 
between the four age and sex categories have been shown (8.3.2.1) and also 
no differences in effect were found (8.3.3.1). This confirms the general 
idea, though based on few studies, that the trainability of men and women is 
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-1 TABLE 8.20 VO-max (ml.min .kg ) before (pre) and after (post) the indicated training program. 
Author 
Hanson et al. (1968) 
Pollock et al. (1969) 
Saltin et al. (1969) 
Pollock et al. (1971) 
Pollock et al. (1972) 
Pollock et al. (1975) 
Pollock et al. (1976) 
Pollock et al. (1977) 
Örlander (1977) 
Kilbom (1971) 
Eisenman and Golding 
(1574Γ 
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equal (Kilbom, 1971; Drinkwater, 1973; Van Handel et al., 1977; see also 
Table 8.20). Though Saltin et al. (1969) suggest that the trainability (ex-
pressed as the relative increase in VCUinax) decreases with increasing age, 
the difference becomes only clear between extreme age groups due to the large 
intenndividual variations in training effect. In our study no significant 
diffetence in the effect on VCUmax between the two age groups was found (8. 
3.3.1, Table 8.8). 
talking and cjclmg. The training effect on VO^max does not seem to depend 
on the type of training activity as long as large muscle groups are involved 
and the intensity, duration and frequency of the training are held constant 
(Pollock et al., 1975). Since neither the performance of the exercise pro-
gram nor the initial VO^max of those who walked and those who cycled differ-
ed significantly (8.3.2.1, Table 8.6), no significant differences in train-
ing effect between the "walkers" and "cyclists" were to be expected and our 
results confirm this (8.3.3.1, Table 8.9). 
It is not clear whether the increase in body weight and fatfree mass 
found in the "walkers" compared to the "cyclists" (8.3.3.1, Table 8.9) is 
related to the activity of walking itself or to other parameters which were 
not measured in this study. 
8.4.3.2 Eff§Çt_on_fee2ing_of_phYSical_fitness 
Changes in VCbmax were often found not to be associated with changes in the 
feeling of physical fitness and the opposite was found too (8.3.3.2, Figure 
8.3). This suggests that changes in the feeling of fitness are not dependent 
on changes in V0?max, but on other factors (Sidney and Shepard, 1976; see 
also 8.3.5.3 where changes in the feeling of physical fitness were found to 
correlate with changes in percentage body fat). 
It is also possible that a number of subjects said their physical fitness 
had improved just to please the investigators. This is also suggested by 
Kilbom (1971). To rule out this possibility more specific questions on the 
same subject should have been asked in the questionnaire. 
8.4.3.3 Effect2veness_of_the_walking_and_cycling_9rograms 
As discussed in 8.1, the aim of Cooper's exercise program is to reach and 
maintain a maximal oxygen uptake that exceeds certain age- and sex-dependent 
minimum levels as were established by Cooper (Table 7.1) and which, according 
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TABLE 8.21 Reference values for Dutch male "trimmers" (Vos et al., 1978) 
and the corresponding values for the male "stayers" at the start 
(Tl) and the end (T5) of the training period. 




Body weight (kg) 
Body fat (%) 
Fatfree mass (kg) 
V0,max (l.min" ) 
-1 V0?max (ml .mm 




























































to him, represent a satisfactory cardiorespiratory fitness. 
The minimum V0?max levels for men (Table 7.1) correspond to the mean values 
found in healthy untrained Dutch men (Table 8.17) and one may doubt whether 
these values should be called "satisfactory". Most "stayers" in the study 
increased their V0?max (Figure 8.3). The main increase in V0?niax was found 
between Tl and T3, i.e. in the first 12 weeks of the training period, there-
after V0?max remained at an approximately constant level (Figure 8.2). 
Table 8.7 shows that between Tl and T3 the program was executed more or less 
as prescribed, while between T3 and T5 less exercise was performed than be-
tween Tl and T3 (only about SO^ of the prescribed program) (Table 8.7). 
Apparently this was sufficient to maintain the V02max level reached at T3 
(Figure 8.2). This is in agreement with the findings of Mann et al. (1969), 
Brynteson and Sinning (1973) and Bartel (1977), who showed that less exercise 
was needed to maintain a certain V02max than to reach it. 
In Table 8.21 reference values for a number of physical parameters of 
Dutch male "trimmers" are presented as collected by Vos et al. (1978). No 
such data are available for female "trimmers". "Trimmers" exercise regularly, 
at least once but often twice a week, in most cases by jogging and calisthen-
ics. Their values are compared in Table 8.21 with the values found in our 
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study before (Tl) and after (T5) the training period in the male "stayers". 
Although the subjects in our study were on the average 10 years older than 
the "trimmers", their VCLmax at the end of the training period was compar-
able with that of the "trimmers". Striking is the difference in percentage 
body fat between the "trimmers" and our subjects, while their body weight 
is almost the same. Part of the difference may be due to different ways of 
measuring skinfolds in the two investigations, but it may also reflect a 
true difference between "trimmers", who usually have been exercising for 
years, and the volunteers in our study. 
The conclusion from these data seems to be that the modified exercise pro-
grams result in an increase in V0?max to a level that compares favourably 
with the mean levels found in other groups of "trimmers", and exceeds the 
minimum levels meant to be reached (7.2). Less exercise than prescribed by 
Cooper seems to be required to maintain this level. It should, however, be 
stressed that intenndividual differences are large. 
8.4.4 Follow-up study 
Although 49 of the 51 "stayers" (= 96%) stated at the end of the training 
period (T5) that they would go on exercising, one year later (T6) only 15 
(= 29%) were still engaged in regular exercise. MacKeen et al. (1978) found 
the same trend: after a 12-week training program 80% of their subjects said 
they intended to continue exercising and 18 months later only 367« were still 
exercising regularly. 
Those who continued exercising showed the same decrease in VOpinax between T5 
and T6 as those who stopped exercising, but their VO^max at the follow-up 
(T6) was still significantly higher than their initial value at the start of 
the training period (Tl), in contrast to those who had stopped exercising. 
This last group returned to the level at the start of the training period 
(Tl) (8.3.5.2, Table 8.15). This means that the subjects who continued exer-
cising were not able to maintain the VO^max level they had reached at the end 
of the training period, although they said they exercised, on the average, 
3.6 times per week during 38 minutes (8.3.5.1). This amount of exercise is 
comparable to what they did during the training period (Table 8.5) and there-
fore they should have been able to maintain their VO-max. There are two 
possible explanations why they did not. The first is that the intensity of 
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the exercise was lower than during the training period. The other possibility 
is that the amount of exercise the subjects said to be performing was not 
correct, for instance because they exercised very irregularly. iJe have the 
impression that people quite easily tend to overestimate the amount of phys­
ical activity they perform. 
The increase in percentage body fat in the "stayers" during the year 
after the end of the training period (T5-T6) is equal to that of the "quit­
ters" during the training period (T1-T5), who showed no further increase be­
tween T5 and T6, so that the increase in body fat between Tl and T6 is the 
same in the "quitters" and the "stayers" (Table 8.14). Seasonal variations 
in percentage body fat may play a role, since the end of the training period 
(T5) and the follow-up study (T6) both fell in the winter (February), while 
the start of the training period (Tl) was at the end of the summer (August). 
If it is assumed that the percentage body fat is somewhat lower in the sum­
mer than in the winter, the difference between the "quitters" and the "stay­
ers" may be explained as follows: Тле "quitters" showed their normal seasonal 
variation in body fat, which means a higher percentage in the winter (T5 and 
T6) than in the summer (Tl). The "stayers" managed to prevent the seasonal 
increase between Tl and T5 by exercising or by being more "conscious" of 
their weight because of the study, so that T1=T5, but one year later they 
again showed the normal seasonal influence, i.e. a higher body fat content 
at T6 than at Tl and T5. 
Between T5 and T6 a significant increase of resting and exercise dias­
tolic blood pressure was found, which was of the same magnitude as the de­
crease found during the training period in both "quitters" and "stayers" 
(Table 8.14 and 8.10). This confirms the idea that the decrease during the 
training period was associated with the repeated testing (see also 8.4.3.1). 
The results of the follow-up study indicate that if participants in a train­
ing study like this are left to exercise on their own, as motivated as they 
may seem to be at the start, only a small percentage indeed remains engaged 
in physical activities, and even then the intensity and regularity may be 
too low to maintain a previously attained level of fitness. 
8.4.5 Practicability of the walking and cycling programs 
The fact that only 12 (= 17%) of the subjects who started the exercise pro­
gram performed the program as prescribed, that 39 (= 55%) exercised less, 
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and 20 (- 28 ) dropped out of the program altogetner (8.3.2) shows that it 
must have been difficult to perform the prescribed program fully over a long-
er period of time. The intensity of the exercise programs does not seem to 
have been a reason why the programs were not executed connletely: though 
some of the subjects found the programs too light, others would have pre-
ferred a somewhat less intensive program (8.3.4.4). Our impression was that 
the intensities were in general right and caused no problems for the sub-
jects. Those subjects who preferred higher or louer exercise intensities 
could comoose their own 30-points-per-week program during the maintenance 
pnase of the exercise program to meet their personal preference. 
The percentage of "quitters" in our study (28 , 8.3.2) does not differ 
from that in other training studies where values between 15 and 59 were 
found (Kili)om et al., 1969, Mann et al., 1969; Pollock et al., 1971; 1977; 
Luna and Koeoke, 1975). However, in our study 19 of the 39 "stayers" that 
performed less exercise than prescribed did less than 50 of the prescribed 
program. The most important reasons to quit (8.3.4.2), corresponding largely 
to the most indicated reasons by the "stayers" for their deviations from the 
exercise program (8.3.4.1, Table 8.12), were lack of time, the weatner con-
ditions and reasons of health. However, in a large number of cases (20 ) the 
subjects did not give any reason for their deviation from the prescribed 
program, maybe because they had no special reason besides lack of motivation 
which tney may not have liked to indicate, or because they got tired of fil-
ling in lists. Lack of motivation was mentioned by 20 of the "stayers" as 
the reason why they did not continue exercising after the end of the exper-
imental training period (Table 8.16). Another reason why some of then stopped 
exercising was the lack of coaching. That coaching played an important role 
in this study was already clear from tie fact that 53 of the subjects stat-
ed before the start of the progran that one of the reasons why they had 
volunteered for the study was that they would be coached (medical screening, 
fitness testing, advice). Though the investigators did not actively stimu-
late or control the subjects during the training period (see 8.1), it was 
clear that just the fact tnat they participated in a scientific study moti-
vated some of the subjects to continue exercising. 15 of the "stayers" con-
sidered to quit some time during the training period, but had decided to 
continue because they felt more or less obliged to. 
In other training studies the most important reason for people to quit the 
program seems to be the incidence of injuries (Kilbon et al., 1969; Mann et 
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al., 1969; Pollock et al., 1971; 1977; Luria and Koepke, 1975). Generally 
the percentage of subjects that has to stop exercising because of trouble-
some complications of the locomotive organs is higher in running than in 
walking programs: Luria and Koepke (1975) had 281 quitters in a walking pro-
gram and Mt in a running program, Pollock et al. (1971) had 15" quitters in 
a walking program in contrast to 30-40% quitters in several running programs. 
There are no training studies in which outdoor cycling has been performed 
as training activity, but in the studies in which bicycle ergometry was 
applied no injuries have been reported (Sharkey, 1970; Yeager and Brynteson, 
1970; Burke and Franks, 1975; Smith and Stansky, 1976). Though in our study 
many subjects complained about physical discomfort, mainly concerning pain 
in the leg muscles, the knees and saddle soreness (8.3.4.3, Table 8.13), the 
complaints were never so serious that the subject had to stop exercising, 
except in two cases where old injuries aggravated due to the exercise (8.3. 
4.3). 
8.4.5 SUMMARY 
In this chapter a study on the effects and practicability of the modified 
Cooper programs for walking and cycling (see chapter 7) is described. 
The programs were followed during a period of 24 weeks by a group of 71 vol-
unteers (men and women between 30 and 50 years of age). Seventeen percent 
of the subjects chose for the walking program and 83% for the cycling pro-
gram. 
During the training period 20 subjects ("quitters") stopped exercising. 
The most often indicated reasons for quitting were lack or time, the weather 
conditions and reasons of health. The remaining 51 subjects ("stayers") com-
pleted the program, though the amount of exercise performed varied widely. 
On the average 66% of the prescribed program was performed, which corresponds 
to exercising 3 times a week during 35-40 minutes with an intensity of 50-
60% V0?max. In 20% of the 24 weeks no exercise was performed at all. The 
most important reasons for deviating from the prescribed program correspond-
ed to those mentioned by the "quitters". 
In the first 5 weeks of the training period 49% of the "stayers" complained 
about physical discomfort due to the training, mainly concerning pain of the 
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leg muscles, the knees and saddle soreness. The number of complainers de-
creased in the course of the training period. 
The exercise program did not induce changes in body weight or percent-
age body fat, nor in resting and exercise systolic blood pressure. A decrease 
in resting and exercise diastolic blood pressure was found in both "stayers" 
and "quitters" and was therefore probably not due to the exercise performed. 
In contrast to the "quitters", the "stayers" showed a significant reduction 
in resting heart rate and an increase in VCLmax. The increase in VCLmax was 
significantly correlated with the amount of exercise performed. It occurred 
mainly in the first 12 weeks of the training period, thereafter V0?max did 
not change further. 
One year after the end of the experimental training period only 15 
"stayers" still exercised regularly. Their VO^max showed a decrease compared 
to the level they had reached at the end of the experimental training period, 
but was still higher than the initial level at the start of the study. The 
other "stayers" had returned to this initial level. 
The final conclusion from this study is that the intensities of the modified 
programs for walking and cycling are in general right and a positive effect 
on the VC^max is reached, but that the programs are difficult to perform 
over longer periods of time to maintain V0?max. 
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In chapter 7 it nas been discussed why and hou the running programs, as pub-
lished in tne Dutci version of the Cooper programs (Trim U fit!-brochure, 
1972), have oeen modified. T.ie most important change was that the criteria 
for assigning subjects to the different conditioning programs (V0;,max) were 
adjusted (7.3.3). 
Like tne modified walking and cycling programs (chapter 8 ) , the modi-
fied programs for running were tested on tneir effect and practicability by 
volunteers, though the study was performed on a smaller scale and no follow-
up study and sociological study were conducted. The programs for only one 
age group, i.e. 30-39 year, were studied. Like in the study on the pnysiol-
ogical load during running (chapter 4) an age limit of 40 years was chosen 
because of the increasing risk of injuries with age (Kilbom et al., 1969). 
The study on the practicability of tne running programs concerned mainly 
the subjective experience of tne intensity of tne exercise, the physical 
complaints and tne reasons for deviating from the prescribed program. The 
training period was limited to 10 weeks, when all subjects would have reach-
ed the maintenance phase of the program. 
9.2 SUBJECTS AND METHODS 
9.2.1 Subjects 
Forty subjects (21 men and 19 women) between 30 and 39 years of age, who 
volunteered for the training study, were subjected to a medical examination. 
Two women were, for medical reasons, advised not to take part in the study. 
The remaining 38 subjects performed a submaximal bicycle ergometer test 
(Ästrand, 1960; see 8.2.3.1) and an exercise ECG was recorded. 
Two of the subjects (1 man and 1 woman) had a predicted VO^max under 30 
- 1 - 1 
ml.min .kg . Since the minimal starting intensity of the conditioning 
programs was 33.4 ml.min" .kg" (Table 7.5), they were advised to start with 
the walking or cycling program, which they did. Nine of the subjects (4 men 
and 5 women) had a predicted V0?max between 33.4 and 41.7 ml.min .kg , so 
that the starting intensity was between 80 and 100% of their V0?max. Though 
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normally ue JOU ld have advised then to start with the walking or cycling 
prograi'i too, in tins case ,ie let them follow the running program to see now 
they did. 
One of the female subjects injured her foot just before the start of tie 
training period and had to witndraw. Thus 35 subjects (20 men and 15 ,;omen) 
started exercising. Tne Modified running program is added as Appendix III. 
Eleven of the female subjects were weinbers of a "trim" group (see 8.4.3.3) 
exercising 1 hour per week, mainly calisthenics and games; they never ran 
more than Ь minutes on end. Eight of these women preferred to perform the 
exercise program as a group and three times per week tne leader of their 
"trim" group joined them. All otner subjects performed the exercise program 
indi vidually. 
9.2.2 Design of the study 
The training period of 10 jeeks was in early spring. Just before the start 
of the training (Tl) the subjects performed a submaximal bicycle ergometer 
test according to Astrand (1960), and the initial values of their pnysical 
and exercise parameters were determined. The test was repeated after 5 weeks 
(T2) and after 10 weeks (T3) of training. T3 corresponded to the end of the 
training period, so that the total training period (T1-T3) was subdivided 
into 2 shorter periods (T1-T2 and T2-T3) of 5 weeks each. 
On account of their predicted V09max at Tl the subjects were assigned 
-1 
to one of the conditioning programs: V0,niax under 45.7 ml.mm i.kg con-
-1 -1 ditioning program I; V07max between 45.7 and 50.4 ml.min .kg conditioning 
-1 -1 program II; V0?max over 50 4 ml.mi η .kg conditioning program III (Table 
7.5). After finishing the conditioning program the subjects proceeded, if 
there ,ias time left, with one of the 30-points-per-week programs. 
The general instructions for the execution of the exercise programs 
were the same as described in 8.2.2. If the subjects were not able to run 
the full distance in the first week of tne program, they were advised to 
alternate walking and running and gradually lengthen the running bouts, un­
til they were able to run the full distance, and only then start л th the 
program. Every week the subjects recorded their training activities on a 
list, ansv/ered questions relating to the practicability of the program dur­
ing that week and sent the list to the investigator. 
The subjects who dropped out of the program before the end of the training 
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period ("quitters") were nevertheless asked to perform the bicycle ergometer 
tests at T2 and T3. 
9.2.3 Methods 
9.2.3.1 Physical_§nd_exerçise_£arameters 
The physical and exercise parameters, determined at regular intervals (see 
9.2.2), were the same as in the study on the walking and cycling programs 
and have been described in 8.2.3.1. The level of physical activity of the 
subjects prior to the training period v/as expressed in hours.week since 
no information about the type and intensity of the exercise was available. 
9.2.3.2 Performance parameters 
The subjects had to record their exercise activities on lists, as in the 
walking and cycling study (8.2.3.2). The following parameters were calculat-
ed as variables for further analysis: 
a. Frequency (n.week ). 
Frequency is the number of exercise bouts per week. 
b. Time per week (min.week ). 
Time per week is the total time per week spent exercising. 
с Speed (km.h ). 
Speed is the mean running speed during the exercise bouts. 
d. Distance (km.week ). 
Distance is the total distance covered μer week. 
e. Intensity (ml 0?.min" .kg" or Й ОрПіах). 
The intensity of the exercise bouts was predicted from the running speed 
(see c) with the equation developed in 4.3.1.1: E(watt.kg ) = 1.7 + 
1.09v(km.h ). An energy expenditure of 1 watt was assumed to correspond 
to an oxygen uptake of 2.9 ml.min .kg . The mean intensity over a cer­
tain period of time was calculated as the mean of the intensities of the 
exercise bouts in this period. The intensity has also been expressed as 
percentage of the VCLmax (/¿VO^max). 
f. Points (n.week or Xprescribed). 
Point scores were determined for each exercise bout according to the 
modified points system (7.3.4). The number of points scored was also ex-
pressed as percentage of the number of points that would have been scored 
194 
if the prescribed program had been executed completely (^prescribed). 
g. Energy cost (kJ.ueek .kg ). 
From the intensity (see e.) and the duration of the exercise bouts in 
each week the total energy cost per week was calculated. 
9.2.3.3 Pa rame ter s _ re] a ted_to_ the practicability 
The subjects also had to answer a number of questions related to the prac­
ticability of the program. The following parameters were derived: 
a. Reasons for deviating from the prescribed program. 
Eight answer categories were distinguished: 1) lack of time; 2) weather 
conditions; 3) illness; 4) injury; 5) lack of motivation; 6) intensity 
of the program; 7) other exercise activities; 8) other reason. 
b. Physical complaints. 
As described in 8.2.3.3.b. 
с Subjective experience. 
Unlike in the walking and cycling study where an open-end question was 
used (8.2.3.3.C), which did not yield much useful information, the sub­
jects in this study had to mark the subjective experience of every exer­
cise bout performed on a 5-point scale, ranging from very hard (5), hard 
(4), rather hard (3), light (2) to very light (1). 
9.2.3.4 Stat ist iça}_analysis 
The same statistical tests were applied as in the walking and cycling study 
as described in 8.2,3.5. The level of significance was also chosen to be 
0.05. 
9.3 RESULTS 
9.3.1 Characteristics of the subjects 
Table 9.1 shows the physical and exercise parameters of the male and female 
participants at the start of the training period (Tl). Student t-tests re-
vealed significant sex differences in all parameters except age, resting 
heart rate, exercise diastolic blood pressure, exercise heart rate, and 
V0j,max per kg body weight or fatfree mass. 
Table 9.1 also shows that the subjects participated on the average for 1.5 
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TAt3LE 9.1 Physical and exercise parameters of the male and female subjects 
at the start of tne training period (Tl) and their participation 
in physical activities prior to the study (hours.week" ). 
Age (years) 
Height (cm) 
Body weight (kg) 
Body fat ( .) 
Fatfree mass (kg) 
RSI3P (kPa) 1 
RDBP (kPa) 2 
RHR (n.min" 1) 3 
4 
,\lork load (watt) 
ESBP (kPa) 5 
EDBP (kPa) 6 
EHR (η.min" 1) 7 
V0,max (l.min" 1) 8 
* -1 -1 8 

















































































Prior participation in 1.4 1.5 1.6 1.1 
physical activities 
(hours.week ) 
* significant difference between men and women (Student t-test, ρ < 0.05). 
1. resting systolic blood pressure; 2, resting diastolic blood pressure; 3. 
resting heart rate; 4. work load during submaximal bicycle ergoneter test 
(Astrand, I960); 5. exercise systolic blood pressure; 6. exercise diastolic 
blood pressure; 7. exercise heart rate; 8. maximum oxygen uptake (predicted 
from submaximal bicycle ergometer test (Astrand, I960)). 
hours weekly in physical activities prior to the start of the craimng pe­
riod (see also 9.2.3.1). In neither of the sexes was the participation in 
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TABLE 9.2 Physical and exercise parameters of the male and female "stayers" and "quitters" at 
the start of the training period (Tl) and their participation in physical activities 
prior to the study (hours per week). For symbols see Table 9.1. 
Age (years) 
Height (cm) 
Body weight (kg) 
Body fat {«) 









- 1 - 1 













































































































































Prior participation in 
physical activities 
(hours.week"1) 
1.6 1.2 1.2 1.5 1.7 1.2 1.5 1.0 
physical activities before the study (expressed in hours.week ) signif-
icantly correlated with body weight, percentage body fat or VCLmax. 
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9.3.2 Performance of the running program 
Of the original 35 subjects who started training, 27 subjects (= 77%) con-
tinued to exercise during the total training period of 10 weeks. They will 
be referred to as the "stayers". The other 8 subjects ("quitters") dropped 
out of the program before the end. The two subjects who because of their 
low initial Vû2max started with the cycling program (see 9.2.1) also con-
tinued to exercise during the total 10 weeks of the training period. Their 
data are not included in those of the "stayers". 
9.3.2.1 "StayersJ 
CharacterisUcs of the "еЬщегь". In Table 9.2 the initial values of the 
characteristics of the male and female "stayers" are shown, in comparison 
to those of the male and female "quitters". None of the differences in the 
physical and exercise parameters between the "stayers" and the "quitters" 
reached a significant level. 
Performanea of the runmng program by the "stajers". In Table 9.3 the mean 
values for the performance parameters (see 9.2.3.2) over the total 10-week 
training period (T1-T3) are shown for the total group and for the male and 
TABLE 9 3 Performance parameters over the total training period (T1-T3) 
for the male, female and total group of 'stayers 
Points (n week" ) 
Points (% prescribed) 
Frequency (n week" ) 
Time per week (mm week 
Speed (km h"1) 
Distance (km week" ) 
Intensity (ml min" kg" 
Intensity ( VCLmax) 
¿
 _1 





































































1 2 « 
3 6 
3 8 · 
16 1 
15 8 
ι significant difference between men and women (Student t-test, ρ » 0 05) 
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female "stayers". The only significant difference in performance between the 
male and female subjects is in running speed and therefore in absolute 
training intensity (ml.mm .kg ), which is higher in the men than in the 
women. However, the relative load (intensity /VO-max) does not differ be­
tween male and female subjects (Table 9.3), so that the training stimulus 
for the cardiorespiratory system was comparable in the two sexes. Тле sub­
jects exercised on the average 3.6 times per week during 13 minutes with an 
intensity of 86% VO^max (Table 9.3;. The male subjects performed the exer­
cise program on tne average as prescnoed, but tne large standard deviation 
shows tnat some of t.iem exercised considerably more and others less (Table 
9.3}. The women performed on tie average 78.8% of the prescrued program. 
The differences between the sexes ¡ere not significant. 
To examine whether tne performance of tne exercise program, as repre-
sented by the point score or tne total energy cost, was related to the phys-
ical cnaracteristics of the subjects at the start of the training period 
(Tl) or their level of physical activity (hours.week , see 9.2.3.1), cor-
relation coefficients were calculated for each of tne sexes separately. 
None of them reached a significant level. 
In Table 9.4 the mean values of the performance parameters over the 
two subpenods (T1-T2 and T2-T3, see 9.2.2) are shown for tne male and 
female "stayers". Apart from differences in speed and intensity, no other 
significant differences between the sexes were found. The amount of exercise 
performed, as represented by tne point score, is approximately equal in the 
two periods, though the percentage of the prescribed program that is per-
formed is lower in tne second period. 
Figure 9.1 shows tne mean values of a number of tne performance parameters 
from week to week for the male and female subjects. Between Tl and T2 both 
sexes on the average performed the program as prescribed, but between T2 
and T3 the male suojects continued to do so, while tne female subjects did 
lesb than prescribed (Figure 9.1.a+b). Tne frequency of training decreased 
gradually from 4-5 times per week to ca 3 times per week (Figure 9.1.c), 
while the total time spent exercising per v/eek did not change much during 
the training period (Figure 9.1.d), so that tne duration of the exercise 
bouts gradually increased from ca 10 minutes in the first week to 18 min-
utes in the last week. Tne running speeds did not cnange much (Figure 9.1.e). 
Thirteen of tne 27 "stayers" (- 48%) performed the exercise program as pre-
scribed, i.e. >_ 90, of the prescribed program, which is comparable to the 
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TABLE 9.4 Performance parameters over the subperiods T1-T2 and T2-T3 for the male, the female and the total group 
of "stayers". 
MEN (n=16) WOMEN (n=ll) TOTAL GROUP (n=27) 
T1-T2 T2-T3 T1-T2 T2-T3 T1-T2 T2-T3 
Points (n.week"1) 
Points ( Ï prescr ibed) 
Frequency (n.week ) 
Time per week (min.week" ) 
Speed (kn.h"1 ) 
Distance (km.week"1) 
Intensity (ml.min"1 .kg"1) 
Intensity (X V02max) 
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10 
I r e q u e n c y (n w e e k ' ) t i m e p e r w e e k ( m m ) 
6 τ d 8 0 e 
25-points-per-ueek c r i t e r i o n f o r complete performance a p p l i e d i n t i e t a l k i n g 
and c y c l i n g study ( 8 . 3 . 2 I j The rean values f o r the performance parameters 
of t h i s group are shown i n Table 9 . 6 . 
9 3 2 2 " j i n t t e r s " 
Eight of the o r i g l i a i 35 subjects (= 23 j dropped out of the prog»am before 
tne 10 weeks of t r a i n i n g were f i n s n e d . '-our ot then were men and fout women 
; v . „ „ с ., ' ''
 t * ' ". In Table 9.2 trie i m ^ a l values of tne 
physical and e x e r c i s e parameters are presented f o r the naie and female 
q u i t t e r s " As mentioned before (9 3 2 . 2 j , t h e r e were no s i g n i f i c a n t d i f f e r ­
ences as corpared n t i tnose ot the male and female s t a y e r s ' 
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Moment of quitting. Two of the "quitters" already stopped exercising in the 
first ueek of the training period, two in the second week, two in the fourth 
week, one in the fifth week and one in the sixth week. On the average 2 
weeks after they stopped exercising they reported their decision to the in-
vestigator. The reasons for quitting are discussed in 9.3.4.2. 
9.3.3 Effect of the running program 
TABLE 9.5 Changes in the physical and exercise parameters of the "stayers" between Tl and T2, Ï? and T3, 
and Tl and T3 (absolute ΔΤ2-Π, ДТЗ-Т2 and ДТЗ-ТІ, relative f(T2-Tl)/Tl, /'(T3-T?)/l¿ and *(T3-T1)/T1) 
a. Male "stayers", b. Female "stayers". For symbols see Table 9.1 
Body weight (kg) 
Body f a t (1 ) 
Fa t f ree mass (kg) 
RSBP (kPa) 
ROBP (kPa) 
RHR (n.min" ) 
ESBP (kPa) 
EOBP (kPa) 
EHR ( n . m i n - 1 ) 
y ty iax ( l . m l n " 1 ) 
VOjinax ( m l . m m " 1 . k g " 1 ) 




- 0 . 5 
- 0 . 4 
0.3 
- 0 . 4 
- 5 . 0 
- 0 . 3 
- 0 . 1 





















- 1 . 3 
- 2 . 2 
- 0 . 6 
2.2 
- 3 . 0 
- 5 . 3 
- 1 . 1 
- 1 . 0 




















- 0 . 3 
о г 
- 0 . 3 
- 0 . 6 
- 0 . 7 
- 0 . 6 
0 . 2 
- 0 . 4 
n.o 






















- 0 . 4 
-Ζ.9 
- 6 . 6 
-П.6 
1.1 
- 3 . 2 






















- 1 . 1 
- 5 . 6 
- 0 . 1 
- 0 . 5 



















- 6 . 6 
13 9 
15 7 
l b 4 
























b. WOMEN (n=ll) 
Body weight (kg) 
Body f a t ( ï ) 
Fa t f ree mass (kg) 
RSBP (kPa) 
RDBP (kPa) 
RHR ( n . m i n " 1 ) 
ESB» (kPa) 
EDBP (kPa) 
EHR ( η . m i n " 1 ) 
V02max ( l . m l n " 1 ) 
y02max ( m l . m i n " 1 . k g " 1 ) 




- 0 . 6 
0.6 
o.i 
- 0 . 4 
- 5 . 7 
0.9 





















0 . 6 
- 1 . 9 
1.5 
0 . 7 
- 3 . 5 
- 5 . 9 
4 . 8 
1.2 
















2 5 . 1 
ЛТЗ 
mean 
- 0 . 3 
0 4 
-0 4 
- 0 . 1 
-0 2 
5.0 
- 0 . 8 
- 0 7 
5 9 
- 0 . 2 2 
- 3 . 7 













4 . 4 
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7 / ι 
19 4 > 
17 2 ι 
19 4 · 
« significant change (4ТЭ-Т1) (Student's one-sample t-test. ρ ' 0 05) 
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bince only tnree of the eight "quitters" performed the bicycle ergometer 
test at T3 (tvo otners ,;еге ill and three could not spare the time to come), 
the changes in the physical and exercise parameters for the group of 'quit­
ters" could not be determined. Therefore, only the resulti for the "stayers" 
will be reported. 
Table 9.5 shous the changes in the physical and exercise parameters in tne 
deferent periods (T1-T2, T2-T3 and T1-T3) fо - male and female "stayers". 
Between Tl (the sta, t of tie training period) and T3 (tne end) the men show 
a significant decrease in body weight (-1.4 kg) and fatfree mass (-0.7 kg) 
in contrast to tne women. The changes in percentage body fat were not signif­
icant. Resting and e<ercise diastolic blood pressure (RDBP and LDBP; de­
creased significantly in both sexes (C.r>-0.9 kPa), ./trie the systolic olood 
pressure did not cnange. Ine resting heart rate ÍRHR) was Significanti/ re-
duced by 5 beats per minute in tne male subjects, but not in the females 
although tney showed a comparable decrease in resting heart rate between Tl 
and T2, whicn however was nullified by tne increase between T2 and T3. 
The maximum oxygen uptake increased in both sexes by 0.40 ind 0 27 l.min 
or 13.4 and 12 7'L rebpectively. ".he largest increase was found between Tl 
and T2. Between T2 and T3 the male subjects mainta ned their VO.max while 
the wompn snowed a sigrificant decrease 
No significant correlations were found between the performance of the 
exercise program, as represented by fie point score or by the total energy 
cost, and the changes in tne physical and exercise parameters in either of 
the three periods (Tl T2, T2-T3, and Tl-T3). 
Table 9.6 shows the changes in the physical and exercise parameters 
(ΔΤ3-Τ1) for the group of "stayers" (n=12) that performed tne program as 
prescribed (see 9.3.2.1). They showed a less pronounced decrease in body 
weight and resting and exercise diastolic blood pressure tnan the total 
group of "stayers" (Table 9.5), but a more pronounced decrease in resting 
heart rate (8.5 beats per minute) and exercise heart rate (12.2 beats per 
minute), and a larger increase in \/0?max (+ 17л.). 
9.3.4 Practicability of tne running program 
9.3.4.1 Reasons for deviating from_tne prescribed program 
In 43% of the weeks the "stayers" deviated from the prescribed program. Only 
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TABLE 9.6 Performance parameters and changes in the physical and exercise 
parameters between Tl and T3 for the "stayers" who performed 
the program as prescribed (n=12). For symbols see Table 9.1. 
Points (n.week ) 
Points (^prescribed) 
Frequency (n.week ) 
Time per week (min..veek ) 
Speed (km.h ) 
Distance (km.week ) 
Intensity (ml.min .kg ) 
Intensity (%V09max) 
-1 -1 
Energy cost (kJ.week .kg ) 
Body weight (kg) 
Body fat {%) 







VCLmax (1 .min" ) 
' - 1 - 1 


















































































two male subjects did not deviate in any week. 
Table 9.7 presents the reasons that were indicated by the subjects for their 
deviations from the program (see 9.2.3.3.a) and the number of subjects who 
mentioned each reason once or more times. Injuries have caused the largest 
percentage (20%) of deviations and occurred in seven of the twenty-seven 
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TABLE 9.7 Reasons for deviating from the prescribed exercise program, as 
percentage of the total number of weeks in which deviations 
occurred (;;weeks), and the number of "stayers" (n=27) that 
mentioned the reasons one or more times. 




Lack of motivation 
Intensity of program 
Other exercise 
Other reasons 























subjects (= 25.9%). Futher details on the incidence of injuries wi11 be 
given in 9.3.4.3. The remainder of deviations was mainly due to lack of 
time, illness and the performance of other exercise activities. 
9.3.4.2 Reasons_for_guitt2ng 
Four men and four women dropped out of the program. Two of the men had to 
stop because they fell ill and the other two men and one woman quit because 
they could not spare enough time. One woman quit because of family affairs 
and the other two women stopped because exercising 5 times a week laid too 
much stress on them, not only physically but also mentally. These women had 
a V0?max between 33.4 and 41.7 ml.min .kg , so that they had to start 
exercising with an intensity above 80^ of their V0?max (9.2.1). 
9 .3 .4 .3 Ph¥sica l_compla ints 
In Table 9.8 the number of "stayers" are presented that complained about 
different types of physical discomfort during the training period. Most com-
plaints fell in the category of the muscles and tendons. In the majority of 
cases it concerned complaints about general soreness of the leg muscle. Two 
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TABLE 9.8 Number of "stayers" (male and female) complaining about differ-
ent types of physical discomfort. 
fien (n=16) dornen (n = ll) Total group (n=27) 
number of complainers 12 (75%) 11 (100%) 23 (85Í) 
Muscles and tendons 11 (69%) 9 ( 82%) 20 (74%) 
Joints 3 (19%) 8 ( 73%) 11 (41%) 
Miscellaneous 5 (31%) 6 ( 54%) 11 (41%) 
subjects complained about their achilles tendon and had to reduce their exer-
cise activities. The complaints in the "joints" category concerned mainly 
the lower back (6 subjects), the ankles (4 subjects) and the knees (2 sub-
jects). Some of these complaints were so serious that the subject had to 
stop exercising for one or more weeks, or reduce the exercise activities. 
The complaints in the category "miscellaneous" concerned for more than 60% 
a pain in the side during running. 
Table 9.8 shows that on the average nore women complained than men. 
9.3.4.3 Subjectiye_exgerience_of_the_running_grogram 
The subjects were asked to indicate their subjective experience of each 
exercise bout on a 5-point scale, ranging from "very light" (1), "light" 
(2), "somewhat hard" (3), "hard" (4), to "very hard" (5) (9.2.3.3). For each 
of the 10 weeks of the training period the mean score per subject was de-
termined. Only 2 subjects showed a mean score of 4 ("hard") or higher in one 
or more weeks. Another 2 subjects indicated a mean score lower than 2 
("light") in the first week of the training period. The mean weekly scores 
of all other subjects varied between 2 and 3.9 (59% between 2-2.9, 37% be-
tween 3-3.9). There were no differences between the male and female sub-
jects, nor did the mean scores change in the course of the training period. 
This indicates that the intensity of the running program was experienced on 
the average as neither too high nor too low. 
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9.4 DISCUSSION 
9 4.1 Characteristics of the subjects 
The physical characteristics of the male and female participants in this 
study (Table 9.1) correspond closely to those of the 30- to 39-year-old 
male and female participants in the study on the modified walking and cycling 
programs (Table 8.1). Tnerefore the same conclusions about the characteris-
tics of the participants of the running program can be drawn as for the sub-
jects in walking and cycling study, i.e. that they were somewhat better 
trained cardiorespiratonly than the general Dutch population of the same 
age, probably because they were volunteers which may have resulted in a 
positive selection with respect to physical fitness (8.4.1). 
No significant correlation was found between body weight or percentage 
body fat and V0?max on one hand and the level of physical activity prior to 
the training period on the other hand in either of the sexes (9.3.1). In 
the walking and cycling study the subjects with a high level of physical 
activity showed a lower body weight and percentage of body fat than those 
who did not exercise at all, but also no difference in VOjfiax was found be-
tween tiese two groups (8.3.1). The difference between the walking and cy-
cling study and the running study for the relationship between prior phys-
ical activity and body weight or fat may be related to the different ways 
of determining the level of physical activity in the two studies, i.e. based 
on time and intensity in the walking and cycling study and on time only in 
the running study since no data on the type and level of exercise were 
available (8.2.3.1, 9.2.3.1). 
9.4.2 Performance of the running program 
Thirteen of the twenty-seven "stayers" (= 48%) performed the exercise pro-
gram as prescribed (9.3.2.1). Nine were men and four women. In the walking 
and cycling study only 24» of the "stayers" performed the program completely 
(8.4.2). The difference in the running program is probably largely due to 
the difference in training period, which was 24 weeks for the walking and 
cycling programs and 10 weeks for the running program. Tne performance in 
the first twelve weeks (T1-T2 and T2-T3) of the walking and cycling program 
(Table 8.7) is comparable to that during the ten weeks (T1-T2 and T2-T3) 
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of the running program (Table 9.4). The most important differences between 
the two studies are found in the time per week spent exercising (140-160 
minutes in the walking and cycling program and ca 47 minutes in the running 
program) and the intensities (50-60* V0?max in walking and cycling and 80-
901 in running). It is not possible to decide from our data whether the 
fact that less time has to be spent exercising in the running program than 
in the walking and cycling program, might make the running program easier 
to follow over a longer period of time. 
Like in the walking and cycling program (8.3.2.1), the performance of 
the running program did not differ significantly between the sexes, except 
in absolute training intensity (9.3.2.1). However, since the intensity as 
% VO^max did not differ and frequency and duration were comparable too, the 
same training stimulus was reached in both sexes (Table 9.4). 
The performance of the exercise program v/as not significantly correlat-
ed with the participation in physical activities prior to the training pe-
riod (9.3.2.1), while in the walking and cycling study the subjects with an 
already high level of physical activity performed more exercise during the 
training period than those who did not exercise before (8.3 2.1). This 
difference between the running and the walking and cycling study may again 
be due to the differences in the length of the training period or depend on 
the ways in which the level of physical activity was determined in the two 
studies (see 8 2.3.1, 9.2.3.1, 9.4.1). 
9.4.3 Effect of the running program 
9.4.3.1 Eff§çt_on_physical_and_exercise_garameters 
In Table 9.9 the changes in the physical parameters after 10 weeks of run-
ning training (ΔΤ3-Τ1) as found for the twenty-seven subjects in this study 
are compared with those of the fifty-one subjects in the walking and cycling 
study after 12 weeks (ΔΤ3-Τ1) and after 24 weeks (ΔΤ5-Τ1) of training (8.3. 
3.1). In addition the mean point score and the predicted weekly energy cost, 
characterizing the amount of exercise performed, are shown. 
In both studies the changes in the physical parameters show the same trends 
and most changes are of comparable magnitude (Table 9.9). Based on the pre­
dicted energy cost of the running program a maximal loss of 1 kg body fat 
could have been expected due to the energy expenditure of the exercise 
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TABLE 9.9 Performance parameters and changes in the physical and exercise pardmr-trrs in ihr· lirM twi'lvc wi-i-k (I 1-1!) 
and in the total 24-week training period (T1-T5) of the walking and tycling ргогдпип (ih.ipiiT и) .ІШІ ш Мк 





Energy cost (kj.week" 
Changes 
Body weight (kg) 
Body fat (Ï) 
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For symbols see Table 9.1. 
alone (for calculation see 8.4.3.1). A decrease in body weight of 0.8 kg 
was found, which however was only partly due to a decrease in percentage 
body fat (Table 9.9). The subjects who performed the program as prescribed 
showed a less pronounced decrease in body weight (Table 9.6) and this sug-
gests that the changes in body weight are no direct effect of the exercise 
as such. From our data and literature data, it appears that the effect of 
training programs on body weight and body composition is very variable and 
therefore not predictable, but the effect never seems to be large (Oscai, 
1973, Van Handel et al., 1977; see also Table 8.18). 
The increase of \/0?max due to the running program is comparable with 
that in the walking and cycling program (Table 9.9). This is in agreement 
with the fact that a comparable number of points was scored in both programs, 
although the predicted total energy cost of the running program was con-
siderably lower than that of the walking and cycling programs. This seems 
to indicate that the point score reflects the training effect better than 
the total energy cost when comparing different types of exercise of vary-
ing intensities. This also indicates that, in contrast to the suggestion of 
Pollock (1973) based on studies by Sharkey (1970) and Cureton (1971), the 
total amount of work performed is not the determining factor for cardio-
vascular improvement but that intensity has a definite influence too, in-
dependent of the total energy cost. 
Unlike the walking and cycling study (8.3.3.1), the improvement of the 0?-
max in the running study was not significantly correlated with the perfor-
mance of the exercise program, represented hy the number of points scored 
or the energy cost (9.3.3). Correlation coefficients reached values of 
approximately 0.35 in the walking and cycling study (8.3.3.1), and 0.25 in 
the running study for the number of points scored and 0.16 for the energy 
cost, which were not significant. However, the changes in V0?max in the 
first two periods of the walking and cycling program (T1-T2 and T2-T3) 
were also not significantly correlated with the number of points scored in 
these periods (8.3.3.1). As mentioned before (8.4.3.1) possible explana-
tions are that the number of points does not reflect the training stimulus 
on the cardiorespiratory system very well and/or that the individual re-
action to a certain training stimulus is very variable, especially at the 
start of a training program, for instance because of differences in initial 
VOginax, activity level prior to the start of the training period, changes 
in this level during the training period, and hereditary factors (Sharkey, 
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1970; Pollock, 1973). 
Sex. The changes in body weight and fatfree mass differed significantly be-
tween the sexes (9.3.3, Table 9.5). However, since in other studies no dif-
ferences (8.3.3, Table 8.18) or other differences (increase in percentage 
body fat in male and no change in female subjects, Van Handel et al., 1977), 
were found this is probably no specific effect of sex. 
The changes in V0?max between T2 and T3 were different for the tuo sexes 
(Table 9.5), although the performance of the program with respect to fre-
quency, duration and intensity (as % VCLmax) was almost equal (Table 9.4). 
Tne reason for tus difference is not clear. The increase in VCLmax over 
the total 10-week training period (T1-T3), however, did not differ signif-
icantly betjeen the sexes, which confirms the idea that men and women are 
equally trainable (see 8.4.3.1). 
9.4.3.2 Effect!veness.of_the_running_program 
The mean VO^max per kilogram body weight after 10 weeks of training was 
-1 -1 -1 1 
52.2 ml.min .kg for the male subjects and 45.8 ml.min .kg' for the 
female subjects, which are high values compared to those reached in "trim" 
groups and with the walking and cycling programs (see Table 8.21). 
The conclusion seems to be that the running programs provide a very adequate 
training stimulus for tie cardiorespiratory system and that relatively high 
VOpinax levels can be reached in a short time. 
9.4.4 Practicability of the running program 
For most subjects the intensity of the running program formed no problem, 
though it was on the average quite high (80-90" of the VO^max) (9.3.4.4, 
Table 9.4). In the first weeks of tne training period some of the male sub-
jects even ran at higher speeds than prescribed: the average running speed 
of the male subjects was 11.5 km.h in the first week (Figure 9.1), while 
the prescribed speeds varied, depending on the conditioning program, between 
9 and 11 km.h (Appendix III). The mean running speeds of the male subjects 
during the training period (ca 12 km.h , Figure 9.1) were lower than the 
speeds selected by the 30- to 39-year-old male subjects when asked to run 
at their "normal" speed in tne study described in chapter 4 (see Table 4.3), 
which indicates that those subjects possibly "exaggerated" their normal 
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speed, as suggested in 4.4.3. No difference was apparent for the female sub-
jects (Table 4.3, Figure 9.1). 
From the nine subjects with an initial V0„rnax between 33.4 and 41.7 
-1 -1 
ml.min .kg who had to start exercising with an intensity above 80% of 
their VO-max (9.2.1), tuo dropped out of the program because they found it 
too strenuous (9.3.4.2). The other seven seemed to have no problems with 
the intensity, while two of the suojects with a high initial VCLmax experi-
enced the program as hard (see 9.3.4.4). Therefore, it seems difficult to 
predict how someone will subjectively experience a certain task from its 
relative work load (intensity as °0 V0?max) only. Tnis is in agreement with 
the data discussed in 6.1.3, where large intra- and interindividual differ-
ences in rating of perceived exertion were found. However, since most of 
the subjects with a low initial VCLmax are sedentary and not used to stren-
uous physical activity, it is considered advisable to let them start with 
the walking or cycling program before entering the running program to pre-
vent them from overstressing themselves, especially when no coaching is 
available. 
Comparing Table 8.12 with Table 9.7 in which the reasons for deviating 
from the prescribed programs are presented for walking and cycling and for 
running respectively, shows that in contrast to the walking and cycling 
program where no deviations because of injuries occurred, a large percent-
age (20%) of the deviations in tue running program was due to injuries of 
the legs. As discussed in 8.4.5 in training studies where running is applied 
as training activity generally a high incidence of injuries occurs. For in-
stance, in the study of Kilbom et al. (1969) 30 of the 63 subjects (= 48%) 
had to interrupt training for a while because of injuries (3 had to stop 
altogether); in the study of Pollock et al. (1977) 23 out of 69 subjects 
(= 33%) suffered from injuries (4 had to quit). In our study 7 out of the 
35 subjects (= 20*) (Table 9.7) had to stop exercising for one or more weeks 
because of injuries but none of them had to quit definitively. The incidence 
of injuries seems to have been somewhat lower and may be also less serious 
than in the other two studies. The reason is possibly that in the study of 
Kilbom et al. (1969) the subjects were asked to cover a certain distance as 
fast as possible, and in the study of Pollock et al. (1977) the subjects 
ran on a hard-surfaced track with sharp turns which may explain the high 
incidence of shin splints in Ins study, (lost of the subjects in our study 
chose to run in parks or woods. The other types of complaints that occurred 
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in our study (achilles tendon, knees, ankles, lower back) were also the 
most common ones in the other two studies. 
The total number of "quitters" was comparable in the walking and cycling 
and in the running program. After 10 weeks 18 subjects (= Z5Á) nad stopped 
exercising in the walking and cycling program and eventually quitted (Figure 
8.1). In the running program 8 subjects (= 23%) had quitted after 10 weeks. 
It is not possible to establish whether the running program villi be easier 
or less easy to perform over a longer period of time than the walking or 
cycling programs. 
9.5 SUMMARY 
In this chapter the results of a study on the effect and practicability of 
the modified programs for running (see chapter 7) are reported. The program 
was followed during a period of 10 weeks by a group of 35 volunteers (men 
and women between 30 and 40 years of age). 
During the training period 8 subjects ("quitters") stopped exercising 
and dropped out of the program. The remaining 27 subjects ("stayers") com-
pleted the 10-week period. Tney performed on the average 91% of the pre-
scribed program, which corresponds to exercising 3-4 times per week during 
10-15 minutes with an intensity of 80-90% V0?max. The main reasons for de-
viating from the prescribed program were lack of time, illness and the in-
cidence of injuries. Though the subjects sometimes had to interrupt or re-
duce training, the injuries were never so serious that subjects had to quit 
the program. 
In the "stayers" changes in body weight and body composition were found 
which, however, were not related to the exercise performed. The resting and 
exercise systolic blood pressure did not change, but resting and exercise 
diastolic blood pressure showed a significant decrease. In addition a de-
crease in resting and exercise heart rate and an increase in VOptriax were 
found. The increase in V0?max occurred mainly in the first 5 weeks of the 
training period. It was not significantly correlated with the amount of 
exercise performed. Intensities of the modified programs seemed right and 
the programs were effective in improving V0?max in a short period or time. 
The results of the studies on the walking and cycling programs (chapter 
8) and the running program were compared and showed that a comparable effect 
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on V0?max was reached with the three programs, although the total energy 
cost of the running program was much lower than that of the walking and 
cycling programs. 
10 FINAL EVALUATION OF THE EXERCISE PROGRAMS 
10.1 THE EXERCISE PROGRAMS - BASIC PRINCIPLES 
10.2 PRACTICABILITY AND EFFECT OF THE EXERCISE PROGRAMS 
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10.1 THE EXERCISE PROGRAMS - BASIC PRINCIPLES 
Criticism is certainly justified in relation to the Cooper exercise programs. 
Not only have the programs been shown to contain a number of inconsistencies 
(chapter 7 ) , but also the way Cooper introduces his programs and claims 
certain effects may be criticized. For instance, Cooper assures his readers 
in "The new aerobics" (1970, p.11) that "aerobics if implemented properly 
and practiced according to the data and the rules of this book - will lessen 
their chance of prematurely developing cardiovascular disease or related 
vascular ailments". As discussed in 1.1.1.4 there is no evidence that a 
causal relationship between physical training and a decreased risk to devel-
op cardiovascular disease exists. Many more examples of sucn statements, 
which are at least to be called "inaccurate", can be given. However, despite 
all justified criticism, the fundamental ideas behind Cooper's proarams to 
improve cardiorespiratory fitness are acceptable. A training program to im-
prove fitness of the cardiorespiratory system that can be used by a large 
proportion of t.ie population is certainly desirable, since daily physical 
activities are getting more and more reduced (see also 1.1.1.3). 
jome of the basic principles of Cooper's programs are certainly worth-
wmle. In the first place there is the idea of separate programs for differ-
ent age groups. Knowing that the training intensity has to reach a certain 
percentage of the V0?max to produce a training effect on the cardiorespira-
tory system (1.1.2.1) and that V02max decreases with age (liinknorst et al., 
1966; Timmers, 1969; Ästrand and Rodahl, 1977), it is clear t.iat the absolute 
training intensity required to produce a training effect on the cardiorespi-
ratory system is louer in older than in younger individuals. Therefore, 
different training programs should be developed for the different age groups 
which represent approximately the same relative work load in all groups. 
T m s is what Cooper did and this principle was also used in tne modified 
programs (see 7.3.3). It should on tne other hand be kept in mind that often 
not the V0?max but the locomotor system is the factor limiting the speed and 
therefore the intensity of training, especially in older individuals (see 
2.4.2), so that a choice between high and low intensity programs should be 
possible. Such alternative programs were introduced in the modified programs 
(see 7.3.3). 
Anotner important aspect of the Cooper exercise programs are the j ьаезз 
оа сдоггез. Tne idea of different fitness categories per age group and 
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separate progressive conditioning programs for each fitness category, so 
that less fit individuals start at a louer level and progress more gradually 
than the fitter individuals (but all reach the same level in the end), seems 
useful. However, the qualifications tnat Cooper uses for the different cat-
egories (from "very bad" to "very good") should be refuted because the terms 
"good" and "bad" are very relative: ..hat is "good" (good for what7) and what 
is "bad" (bad for what 7) 7 
It is also doubtful whether the VCUmax should be used as the only criterion 
for the fitness categories, because the exercise an individual is able to 
perform is not only dependent on his V0?max but also on other factors like, 
for instance, his endurance for submaximal loads and his exercise experience. 
Moreover, in practice, individuals will in general not be able to nave their 
VOpinax measured. The solution Cooper developed for this problem is the Cooper 
test. In this test the individual has to try to run (or walk) as much meters 
as possible in 12 minutes. Cooper uses the distance covered in 12 minutes to 
predict the individual's V0?max and determine his fitness category. 
Though the correlation coefficient of the relation between tie distance 
covered and the V0?max measured is quite high (r = 0.90, Cooper, 1968c), the 
intermdividual variation is very large, so that a reasonably accurate pre-
diction of V0?max from the distance covered is impossible in individuals 
(Poulus, pers.comm.). On the otner hand, the 12-minute test may be used as 
a test of the running capacity of tne individual and as such the results may 
be used to assign individuals to the different conditioning programs. How-
ever, this method can only be used for the running programs and similar tests 
should be developed for the other exercise activities. A serious disadvantage 
of such tests is, however, that a maximal test always involves certain risks, 
especially for unfit and older people not used to exercise. Therefore, it 
should be discouraged for these categories, certainly without previous med-
ical examination and in absence of coaching. 
Since no other simple testing procedures are available to group individuals 
into different fitness categories on a large scale, we suggest to use only 
very general descriptions of the categories for the different conditioning 
programs: category I low level of fitness, no exercise experience, category 
II medium level of fitness, some exercise experience; category III reasonable 
level of fitness, regular exercise experience, and to let the individuals 
classify themselves, stressing that it is always better to choose a con-
ditioning program that is very light to start with (since it is ah/ays 
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possible to switch to a higher one) than to start with a program that is too 
strenuous. The individuals who classify themselves in the first category 
start with conditioning program I of the walking or cycling program, but 
should certainly not start witn the running program. Those in category II 
start with conditioning program II of the walking or cycling program or may 
try the running program, and those in category III start with conditioning 
program III of the walking or cycling program or with one of the running pro-
grams. Classification for one of the three running programs should largely 
depend on running experience. Totally unexperienced individuals start with 
program I, the little experienced witn program II, and the more experienced 
with program III. 
Another characteristic feature of Cooper's exercise programs is the 
poin+s sjstem on which all programs are based. As discussed in 7.3.4 tne 
points system has a number of shortcomings, especially if one wants to use 
it as a predictor of the training effect. This was also reflected in practice, 
since only a very low or no correlation was found between the point score and 
the increase in VO^max (8.4.3.1 and 9.4.3.1). Still, the point score gave a 
better prediction when comparing different types of exercise programs than 
the total energy cost of the program (9.4.3.1). As long as no exact dose-
response curves are known for the relationship beUveen the exercise performed 
and tne change in VC^niax - and it is doubtful whether it will be possible to 
develop them at all because of the large intermdividual variation in train-
ing effect even when the amount of exercise performed is equal (8.4.3.3 and 
9.4.3) - the point scores can be used as a guideline to estimate the value 
of training programs with different combinations of intensity, frequency and 
duration. It may help people to realize the difference between different 
types of training. 
The experience with the subjects in cur studies was that they seldom calculat-
ed their point score. They did not seem to be very interested in the system. 
Only few subjects used the points system to compose their own variations on 
the prescribed 30-pomts-per-week programs. 
In "The new aerobics" and the "Trim U fit!" brochure no difference is 
made between the sexes, men and women following the same programs. This caus-
es no problems when tne sexes are assigned to the fitness categories accord-
ing to the same V0?max criteria. However, Cooper used different criteria for 
men and women (see Table 7.1), so that the women who were assigned to a cer-
tain program had a lower VC^max than the men who had to start with the same 
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program, and therefore had to exercise with a higher relative intensity 
(ciV0?max). Our solution to this inconsistency has been to use the same V0?niax 
criteria for both sexes (see 8.2.2 and 9.2.2). Cooper introduced in 1972 nis 
"Aerobics for women" in which special programs for women are presented. The 
fitness categories have been omitted and per age group only one conditioning 
program is given, which starts with a low intensity which gradually increas­
es. These programs for women and the programs as modified in this study are 
much alike in this respect (see 7.3.3). In our opinion it is not necessary 
to distinguish between the sexes in the modified programs. 
10.2 PRACTICABILITY AND EFFECT OF THE EXERCISE PROGRAMS 
In the study described in chapter 7 some of the problems in the original 
Cooper programs were solved by modifying the programs, but the basic princi­
ples, i.e. the age groups, the fitness categories and the points system, 
have been maintained (see also 10.1). The most important modifications con­
cerned the intensity of the exercise programs in the first weeks of the con­
ditioning phase in relation to the V02max criteria for the different programs 
(see 7.3). 
The results from our studies on the modified programs for walking, cycling 
and running indicate that the training intensities were in general right 
(practicable and effective, 8.4.5 and 9.4.4). By starting with a low inten­
sity and only gradually increasing it the participants have time to get used 
to the exercise. This probably also reduced the risk οΓ injuries (see also 
Mann et al., 1969), though nevertheless some injuries occurred during the 
running program, mainly of the lower extremities (see 9.4.4). To reduce this 
risk as much as possible people who start with the running program should be 
advised to wear good shoes, warm up properly, and run on a soft surface 
(parks, fields, woods) which may reduce the risk of injuries (see Pollock 
et al., 1977). 
The V0?max levels that were reached by the "stayers" in the studies on 
the modified walking, cycling and running programs compare favourably with 
those found in Dutch "trim" groups (8.4.3.3 and 9.4.3.1). The effectiveness 
of the three programs (walking, cycling, and running) in improving V0?max 
is comparable (Table 9.9), a mean increase between 10 and 20% being found 
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(8.3.3.1 and 9.3.3). It should, however, be realized that individual results 
may differ considerably. 
The results from the studies also show that the prescribed programs were 
difficult to perform over a longer period of time. Although the participants 
in our studies were all volunteers who were well motivated at the start of 
the training periods, only a small group (17'^  in the walking and cycling 
study (duration 24 weeks) and 37% in the running study (duration 10 weeks)) 
managed to perform the programs as prescribed (8.3.2 and 9.3.2). The mam 
reasons indicated for deviations from the prescribed programs were, apart 
from injuries in the running study, lack of time, illness and the weather 
conditions (8.3.4.1 and 9.3.4.1). In addition, the sociological study that 
was conducted in association with the walking and cycling study (8.2.3.4) 
showed that the programs were experienced as "time-consuming" and "monotonous" 
although most subjects remarked at the same time that they had enjoyed exer-
cising (8.3.4.4). Of course it is impossible to determine in how far this 
has been influenced by the fact that the subjects may not have wanted to dis-
appoint the investigators by stating that they had not enjoyed the exercise. 
The running programs are far less time-consuming than the walking and cycling 
programs (Appendices I, II, and III), but because we only studied the running 
program over a period of 10 weeks it cannot be concluded whether this will 
make them easier to perform over a longer period of time (9.4.2). Training 
programs will always cost a considerable amount of time and interfere with 
normal daily activities, but by making them more attractive, participants 
may find it easier to spend time on exercise which they apparently enjoy. In 
the results of the sociological study some clues can be found how to make 
the programs more attractive. The subjects were asked to indicate whether 
they would like to see certain changes in the programs. The changes proposed 
were: creating a possibility to exercise in groups (at least once a week) 
and, if necessary because of the weather,to exercise indoors, introduction 
of more variation in the prescribed exercise, and a lower exercise frequency 
(see 8.4.5; see also Mann et al., 1969). 
Since the results of our study on the modified walking and cycling pro-
grams indicated that less exercise may be required to maintain the VO^max 
level reached after the conditioning phase than prescribed by the 30-points-
per-week programs (8.4.3.3) (e.g. 3 times a week 30-45 minutes instead of 
45-60 minutes), it might be added to the instruction of the programs that if 
one is not able to perform the complete 30-points-per-week program, one 
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should at least try to exercise 3 times a week during 30-45 minutes. No such 
conclusions are possible from the data of the running program since this 
was only studied during 10 weeks. However, since the duration of the running 
bouts prescribed is already short (15-20 minutes) it is not probable that 
they can be reduced much more. 
To introduce more variation the programs for walking, cycling, running 
and some general indications about swimming (see 7.3.3.3) should be oresent-
ed in one and the possibility to vary the type of exercise in the maintenance 
phase of the programs should be stressed. 
Another important factor seems to be the coaching; many subjects regard-
ed it as very important (see 8.4.5). According to the subjects the most im-
portant functions of coaching are stimulation, information and advice. 
The final conclusion from our studies on the modified walking, cycling and 
running programs is that the programs provide an adequate way to improve 
cardiorespiratory fitness (V02max) within a period of 1 to 3 months, but do 
not seem very attractive to perform over longer periods of time to maintain 
this level of fitness. To increase the attractivity of the programs facili-
ties should be created to exercise in groups and, if necessary, indoors, 
with a certain form of coaching, or subjects should, after the conditioning 
phase of the exercise programs be stimulated to switch to other types of 
regular exercise, for instance in "trim" groups or other organized sports 
groups. It should, however, be realized that not all exercise is adequate 
to maintain the V0?max reached with one of the modified programs and certain 
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SUMMARY 
This thesis describes studies on the physiological load during different 
types of physical activity, i.e. walking, cycling, running, and swimming, 
and on the "Aerobics" exercise programs developed by Cooper to improve cardio-
respiratory fitness. 
As discussed in chapter 1 people may for various reasons decide to de-
dicate part of their leisure time to physical exercise. To be able to give 
advice about different types of exercise and to evaluate exercise programs, 
it is of great importance to know and to be able to predict the energy ex-
penditure during different types of exercise. 
In the first part of this thesis studies are described in which the 
physiological load during walking (chapter 2 ) , cycling (chapter 3 ) , running 
(chapter 4) and swimming (chapter 5) has been studied. 
Equations have been developed to predict the energy expenditure from the 
speed during walking, cycling, and running. Although some differences be-
tween sexes and age groups were found, these were small and it was not con-
sidered necessary to distinguish between these groups when predicting energy 
expenditure in practice (2.4.1.1, 3.4.1.1, 4.4.1.1). An equation for breast 
stroke swimming was developed as well, but the intermdividual variation in 
energy expenditure appeared to be large so that it should not be used to 
predict individual energy expenditure (5.4.1). 
The walking study showed in addition that walking on an unpaved road costs 
approximately 10/« more energy than walking on a paved road (2.3.2.1). The 
cycling study revealed that the energy expenditures during cycling with 
equal gear ratios on a touring bicycle, a sports bicycle and a small-wheeled 
collapsible bicycle are the same at equal speeds (3.3.2.1). Cycling in the 
first gear of a 3-speed hub-gear costs more energy than cycling in the sec-
ond or third gear (3.3.2.1). The energy expenditure during cycling in traffic 
is predicted adequately with the equation developed if the mean speed is 
corrected for stop times (3.3.3.1). It is also possible to predict the energy 
expenditure during cycling against a gradient (3.3.4.1). 
In chapter fi the physiological loads during the four activities have 
been compared and the following general conclusions have been drawn about 
the choice of training activities. 
- If someone wants to spend a certain time on exercise each day and wants to 
expend as much energy as possible during that time, he should run, swim or 
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cycle as fast as possible.Walking is less effective in this respect (6.2. 
1.1). 
- If someone wants to cover a cartain distance each day and wants to expend 
as much energy as possible traversing that distance the best he can do is 
to swim, but if not possible he should run or walk fast. Cycling is very 
ineffective in this respect (6.2.1.1). 
- Cycling and probably also swimming are the most generally applicable train-
ing activities to improve cardiorespiratory fitness because of the wide 
range of intensities that can be covered. Walking is more suitable for 
older and untrained than for younger and well trained individuals because 
of the relatively low intensities, while running is more appropriate for 
young and trained individuals than for older and untrained people because 
of the high intensity and risk of injuries (6.2.1.2). 
In 6.2.2 a diagram is presented which shows the energy expenditures during 
different types of exercise, i.e. level and grade walking, level and grade 
cycling, level and grade running, and bicycle ergometry, and allows an easy 
comparison. It also illustrates how one can switch during a training program 
from one activity to another without changing the physiological load (Figure 
6.5). 
The second part of this thesis concerns the Cooper exercise programs for 
walking, cycling and running, which were evaluated with the equations devel-
oped in the studies described in the first part of the thesis (7.2). The pro-
gram for swimming has not been studied further, because it is doubtful wheth-
er a general swimming program can be developed in view of the large inter-
individual variation in energy expenditure during swimming (5.4.1). 
A number of modifications has been introduced in the Cooper exercise 
programs, mainly concerning the intensities in the conditioning programs 
which were often too high for the individuals they were meant for. They are 
discussed in 7.3. The studies in which the modified programs were tested on 
their effect and practicability are described in the chapters 8 (walking and 
cycling) and 9 (running). Volunteers followed the programs during a certain 
period of time (24 weeks in the walking and cycling study and 10 weeks in 
the running study). 
The intensities of the modified programs caused no problems for the 
participants (8.4 5 and 9.4.4). The amount of exercise performed varied 
widely (8.3.2.1 and 9.3.2.1) but if performed as prescribed the programs 
resulted in a considerable increase of the VC^max (10 to ZOO) within 1 to 
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3 months (8.3.3 and 9.3.3). No clear effect on body weight, body composition 
or blood pressure was found, whereas the resting heart rate showed a de-
crease (8.3.3.1 and 9.3.3). 
During the walking and cycling programs no injuries occurred that forced 
the participants to interrupt training (8.3.4.3), in contrast to the running 
program where 26% of the participants suffered from injuries that made them 
interrupt or reduce training (9.3.4.3). 
The general conclusion from these studies is that the modified programs 
offer an effective method to improve cardiorespiratory fitness within a 
limited period of time (1 to 3 months), but they are less suitable to per-
form over a longer period of time to maintain the level of cardiorespiratory 
fitnesb reached. It is possible to increase the attractivity of the programs 
by introducing more variation in the exercise, and creating the possibility 
of group training and indoor training (chapter 10). The presence of coaching 




In dit proefschrift wordt verslag gedaan van een aantal onderzoeken naar de 
fysiologische belasting tijdens verschillende vormen van lichamelijke akti-
viteit, te weten wandelen, fietsen, hardlopen en zwemmen, en de 'Aerobics" 
trainingsprogramma's van Cooper, die in Neaerland zijn uitgegeven door de 
Nederlandse Sport Federatie in samenwerking met de Nederlandse Hartstichting 
in de brochure "Trim U fit!". Het doel van deze programma's is het verbeteren 
van de konditie van het cardiorespiratoire systeem. 
Zoals in hoofdstuk 1 is uiteengezet kunnen mensen om uiteenlopende rede-
nen een deel van hun vrije tijd aan lichamelijke aktiviteit besteden. Om hen 
in deze te kunnen adviseren en trainingsprogramma's te kunnen evalueren is 
het van belang de fysiologische belasting tijdens verschillende vormen van 
lichamelijke aktiviteit te kennen en te kunnen voorspellen. 
In het eerste deel van dit proefschrift wordt een viertal onderzoeken 
beschreven waarin de fysiologische belasting tijdens wandelen (hoofdstuk 2), 
fietsen (noofdstuk 3), hardlopen (hoofdstuk 4) en zwemmen (hoofdstuk 5) is 
bestudeerd. Er zijn formules afgeleid waarmee het energieverbruik tijdens 
wandelen, fietsen en hardlopen voorspeld kan worden uit de snelheid. Hoewel 
er soms verschillen in energieverbruik tussen de geslachten en verschillende 
leeftijdsgroepen werden gevonden, waren deze over het algemeen klein en het 
werd m e t nodig geacht een onderscheid te maken op basis van geslacht of 
leeftijd bij het voorspellen van het energieverbruik (2.4.1.1.1, 3.4.1.1 en 
4.4.1.1). Er is ook een formule voor schoolslag zwemmen afgeleid, maar de 
intermdividuele variatie in het energieverbruik blijkt zo groot te zijn dat 
deze m e t gebruikt kan worden voor het voorspellen van het energieverbruik 
van individuen (5.4.1). 
Het wandel-onderzoek liet voorts zien dat wandelen op onverharde paden ca. 
10% meer energie kost dan het wandelen op een verharde weg (2.3.2.1). In het 
fiets-onderzoek werd gevonden dat het energieverbruik tijdens het fietsen op 
een toerfiets, een sportfiets en een vouwfiets met gelijke versnelling het-
zelfde is bij overeenkomstige snelheden (3.3.2.1) Het fietsen in de eerste 
versnelling van een S-versnellingsnaat kost meer energie dan het rijden in de 
tweede of derde versnelling (3.3.2.1). Het energieverbruik tijdens fietsen in 
het verkeer kan voorspeld worden met de afgeleide formule mits de gemiddelde 
snelheid gecorrigeerd wordt voor stoptijden (3.3.3.1). Het blijkt ook moge-
lijk te zijn het energieverbruik tijdens het fietsen tegen een helling op te 
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schatten (3.3.4.1). 
In hoofdstuk 6 is een vergelijking gemaakt tussen de fysiologische be-
lastingen tijdens de vier vormen van aktiviteit en daaruit zijn de volgende 
algemene conclusies te trekken wat betreft de keuze van traimngsaktivitei-
ten: 
- Als men dagelijks een bepaalde tijd aan lichamelijke aktiviteit wil beste-
den en men wil gedurende die tijd zoveel mogelijk energie verbruiken kan 
men het beste zo snel mogelijk gaan hardlopen, fietsen of zwemmen; wandelen 
is in dit opzicht duidelijk minder effectief (6.2.1.1). 
- Als men dagelijks een bepaalde afstand aflegt en men wil tijdens het af-
leggen van die afstand zoveel mogelijk energie verbruiken dan zou men het 
beste kunnen gaan zwemmen, maar als dai; ni ft mogelijk is hardlopen of snel 
wandelen. Fietsen is in uit opzicnt weinig effectief (6.2.1.1). 
- Fietsen en waarschijnlijk ook zwemmen zijn de meest algemeen toepasbare 
vormen van aktiviteit om de konditie van het cardiorespiratoire systeem 
te verbeteren, gezien het brede intensiteitsbereik. Wandelen is geschikter 
voor oudere en ongetrainde dan voor jonge en getrainde mensen vanwege de 
relatief lage intensiteiten, terwijl hardlopen geschikter is voor jonge en 
getrainde mensen vanwege de hoge intensiteit en de kans op blessures (6.2. 
1.2). 
In 6.2.2 wordt een diagram gegeven waarin het energieverbruik tijdens 
verschillende vormen van aktiviteit, i.e. wandelen, fietsen en hardlopen, 
horizontaal en tegen een gradient, en fiets ergometrie, bij elkaar is gezet 
en gemakkelijk kan worden vergeleken. Het diagram illustreert tevens hoe men 
tijdens een trainingsprogramma de vorm van aktiviteit zou kunnen veranderen 
zonder de fysiologische belasting te wijzigen (Figuur 6.5). 
Het tweede deel van dit proefschrift handelt over de traimngsprogram-
ma's van Cooper voor wandelen, fietsen en hardlopen. Deze zijn geëvalueerd 
met behulp van de formules die in let eerste deel v/an dit proefschrift zijn 
afgeleid (7. ?). riet zwempi-ogramiiia is buiten beschouwing gelaten aangezien 
het niet mogelijk bleek het energieverbruik tijdens schoolslag zwemmen rede-
lijk nauwkeurig te voorspellen, zodat alleen globale uitspraken mogelijk 
zijn (7.3.3.3). De Cooper programma's voor wandelen, fietsen en hardlopen 
zijn op een aantal punten gemodificeerd, waarbij het vooral ging om de trai-
ningsmtensiteiten in de beginfase van de programma's die in veel gevallen 
te hoog waren voor de groepen mensen waarvoor ze bestemd waren (7.3). 
De gemodificeerde programma's zijn op hun effect en uitvoerbaarheid getoetst 
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door ze gedurende een bepaalde tijd (24 weken voor de wandel- en fietspro-
gramma s en 10 weken voor de hardloopprogramma's) te laten uitvoeren door 
een groep vrijwilligers. Deze onderzoeken worden beschreven in de hoofdstuk-
ken 8 (wandelen en fietsen)en 9 (hardlopen). 
De intensiteiten van ae gemoditiceerde programma's leverden geen pro-
blemen op voor de deelnemers aan de traimngsonderzoeken (8.4.5 en 9.4.4). 
De mate van uitvoering van de programma's varieerde sterk (8.3.2.1 en 9.3.2. 
1), maar wanneer de programma's volledig w r len uitge'üerd w e H er gemiddeld 
een behoorlijke toename van de VC^max gevonden (10 tot 20%) (8.3.3.1 en 9.3. 
3). Er werd geen duidelijk effect van de training op het lichaamsgewicht, 
de lichaamssamenstelling en de bloeddruk gevonden, terwijl de rusthartfro-
kwentie daalde (8.3.3.1 en 9.3.3). 
Tijdens de uitvoering van de wandel- en fietsprogramma's traden er geen 
blessures op die van zodanige aard waren dat daardoor de training moest wor-
den onderbroken (8.3.4.3). Tijdens het hardloopprogramma was dat wel het 
geval (9.3.4.3). 
De algemene conclusie uit deze onderzoeken is dat de gemodificeerde 
programma's een bruikbare en effectieve methode bieden om de konditie van 
het cardiorespiratoire systeem te verbeteren in een beperkte tijd (1 tot 3 
maanden), maar dat ze minder geschikt zijn om gedurende lange tijd uit te 
voeren om deze konditie te handhaven. Misschien is het mogelijk de uitvoer-
baarheid van de programma's te verhogen door meer variatie in traimngs-
aktiviteiten in te voeren, en de mogelijkheid te scheppen om in groepen en 
zonodig ook binnen te trainen (hoofdstuk 10). Ook de aanwezigheid van bege-
leiding om de deelnemers te stimuleren, te informeren en te adviseren lijkt 
van groot belang (hoofdstuk 10). 
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APPENDIX II. The modified cycling programs 















































































































































































































































































































































































































































































































































































































































































APPENDIX III. The modified running programs 
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S T E L L I N G E N 
1. De grootte van het effekt van een trainingsprogramma op de maksimale zuur-
stofopname wordt niet alleen bepaald door de totale trainingsarbeid maar 
ook door de trainingsintensiteit. 
dit proefschrift 
2. De voorkeur van veel toerfietsers voor het rijden in de derde in plaats 
van de tweede versnelling van een 3-versnellingsnaaf berust niet op ver-
schillen in energieverbruik tussen de twee versnellingen. 
dit proefschrift 
3. In plaats van trimmen te propageren als een methode om af te vallen zou 
men het beter kunnen aanbevelen als een methode om niet aan te komen. 
dit proefschrift 
4. Teneinde te bewerkstelligen dat het systeem van internationale eenheden 
(SI-eenheden) zo snel mogelijk ingeburgerd raakt, dient niet te worden 
toegestaan dat in wetenschappelijke publikaties de oude eenheden tussen 
haakjes achter de SI-eenheden worden vermeld. 
5. Het ontbreken van normwaarden voor het aëroob vermogen van nederlancise 
vrouwen is het gevolg van het feit dat het wetenschappelijk onderzoek 
vrijwel geheel in handen is van mannen. 
6. Het is een misverstand te denken dat men om met fietsen de konditie te 
verbeteren een racefiets nodig zou hebben. 
7. De toelating tot een promotie dient te geschieden op grond van de inhoud 
en kwaliteit van een proefschrift en niet op grond van de vooropleiding 
van de promovendus. 
8. Op grond van de bevindingen van Costili, Dalsky en Fink (1978) dient over-
wogen te worden koffie op de lijst van verboden stimulerende middelen bij 
sportprestaties te plaatsen. 
Costili, D.L., G.P.Dalsky en W.J.Fink (1978) Med.Sci.Sports 10, 155-158. 
9. Het beschermen van bedreigde dier- en plantensoorten heeft alleen zin 
wanneer tegelijkertijd hun natuurlijk milieu beschermd wordt. 
10. Deeltijdarbeid dient niet alleen in de bedrijven maar ook thuis ingevoerd 
te worden. 
Nijmegen, 4 mei 1979 M.A. van Baak 
Krips Repro Meppel 



